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STUDIES ON AVIAN ENCEPHALOMYELITIS. 
IV EPIZOOTIOLOGY*t 


By B. W. CALNEK, PATRICIA J. TAYLOR, 
and MARTIN SEVOIAN 


Department of Veterinary Science 
University of Massachusetts 
Amherst, Massachusetts 


OST aspects of the epizootiology of avian encephalomy- 

elitis (AE) have not been clearly defined. The disease 
has been observed to be extremely wide-spread, being found 
in all parts of the United States and in many foreign countries. 
A survey conducted in Connecticut revealed immunity to AE 
in the vast majority of flocks tested. Taylor and Schelling, 
in 1960, reported that 95.7 percent of 2,162 flocks tested were 
immune at 13 to 18 months of age.® 

Observations of field outbreaks have offered but meager 
and sometimes confusing information relating to the in- 
fectiousness and contagiousness of AE virus. Schaaf and 
Lamoreux’ noted from hatchery records that the disease ap- 
peared to spread from house to house. Perhaps the chief 
difficulty in making adequate observations of an outbreak 
in breeders is the necessity of doing so in retrospect. Since 
most flocks show no signs of disease other than a possible 
drop in egg production, an infection generally goes unnoticed 
until infected chicks are hatched. Natural infections in grow- 
ing birds are even more difficult to observe and are known 
to occur chiefly on the basis of serological evidence. 
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Conflicting reports exist on the effect of AE on hatch- 
ability. Taylor et al., observed both decreased egg production 
and hatchability coincident with egg transmission of the 
virus.'° Jungherr and Minard, on the other hand, reported 
that hatchability was not affected.* 

The incidence of clinical signs in chicks from various 
infected breeder flocks varies considerably."' Data is scarce 
regarding the relationship of incidence in chicks to incidence 
in their dams, the duration of egg transmission from indi- 
vidual] hens, and the occurrence of contact transmission from 
infected chicks to susceptible contacts. Although Van Roekel 
has suggested that direct contact is responsible for trans- 
mission of the disease,!* he has further stated that clinical 
manifestations appear only to a limited degree in non-infected 
contacts.!! Schaaf detected some resistance to challenge but 
no clinical signs in controls held in contact with vaccinated 
birds.® 

Neither the source nor the mode of infection has been 
definitely established Jungherr and Minard* were able to 
demonstrate a virus in tissue and feces from AE-infected 
adults that produced lesions indistinguishable from those in 
AE-infected chicks. It has also been established that several 
routes of inoculation will produce clinical signs, histologic 
lesions, or immunity to AE*’, although no one has reported 
reproducing a syndrome similar to that occuring in field out- 
breaks in growing or adult birds. 

The experiments described herein were done in an at- 
tempt to elucidate some aspects of transmission of AE. 


MATERIALS AND METHODS 

Experimental eggs and birds. All eggs used for virus 
propagation and serum-neutralization (SN) tests were ob- 
tained from two privately-owned flocks of White Leghorns 
known to be susceptible to AE. Chicks from these flocks were 
hatched and raised in isolation until used. Adult breeders 
were obtained from one of the flocks for egg transmission 
studies. Holding conditions varied among the experiments 
and included modified Horsfall units, wire batteries, and 
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pens (floor). Details will be given under the descriptions of 
individual experiments. 

Serology and histopathology. Serum-neutralization tests 
were conducted and interpreted as previously described.' 
Histopathological examinations were used both to confirm 
diagnoses in clinically affected birds and to determine pres- 
ence or absence of infection in clinically normal birds. Tissues 
examined included brain, gizzard, proventriculus, and pan- 
creas. Infection with AE was considered to have occurred 
when one or more of the following were observed: clinical 
signs with positive histopathology, positive histopathology 
alone, or serological response. In addition to the SN test, em- 
bryo susceptibility examinations were used as evidence of 
immunity status in adult birds. For this test, 6-day-embryos 
were inoculated via the yolk sac with 100 embryo infective 
doses—fifty percent (EID,,) of egg-adapted AE virus. Pre- 
vious work (unpublished) indicated that embryos resisting 
this dosage came from hens with a demonstrable (SN) level 
of immunity. Eggs from susceptible hens always developed 
lesions typical of AE as described by Jungherr, et al.* 

Virus strains, titrations, and assay. A total of five AE 
isolates were used in the work reported here. One of these was 
the egg-adapted Van Roekel (VR) strain employed for SN 
tests.1 Brain suspension from 36th embryo passage was used. 
Two isolates (28 and 1143) were also embryo-propagated 
(4th to 8th passage) but produced no lesions in infected 
embryos. Isolate 774 consisted of brain suspension from 
clinically affected chicks submitted as a diagnostic case. The 
fifth isolate, 1288, was used as a pool of brain suspension 
from AE affected chicks (diagnostic case) and second em- 
bryo passage brain. Since only the VR isolate produced ob- 
servable signs in embryos, assays for virus with the other 
four isolates necessarily were done in chicks. Brain suspen- 
sions of isolates 28 and 1143 were administered in the drink- 
ing water to 3 and 4-day-old chicks and were considered to 
contain viable AE virus upon development of clinical signs, 
histological lesions, and positive serology. Isolates 774 and 
1288 both produced clinical AE in chicks hatched subsequent 
to yolk-sac inoculation of 6-day-embryos. 
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Virus assays of feces were conducted in the same man- 
ner as with brain suspensions of isolates 28 and 1143. Feces 
pools were diluted approximately 1:5 in buffered saline and 
administered in drinking water at a dose level of 1 ml of 
suspension per chick. 

Isolation attempts from affected chicks and embryos 
pipped, or dead-in-shell (22 days incubation) were done by 
inoculation of brain suspensions intracerebrally into suscep- 
tible day-old chicks. Criteria of infection were as described 
above. 

RESULTS 

Experiment 1. In an attempt to produce an active in- 
fection of AE in adult birds, three isolates (VR, 28, 1143) 
were pooled and administered in the drinking water to 34 
mated, 614-month-old White Leghorns. Serum-neutralization 
tests indicated that 26 of these were susceptible prior to in- 
oculation. The other eight were immune as a result of earlier 
intramuscular vaccination with VR virus. The birds were 
held on the floor in a colony house. A virus pool consisting 
of 5 ml each of 1:5 suspensions of 28 and 1143 and 60 ml of 
undiluted VR virus were diluted in 12 quarts of tap water 
and provided as drinking water after 214 hours water dep- 
rivation. Eggs were collected daily for 20 days and set for 
hatching twice weekly. After hatching, chicks were held in 
wire batteries in isolation units and observed for 28 days. 
Data presented in table 1 indicates hatchability and the num- 
ber of chicks that developed clinical signs of AE. 


TABLE I 


Egg production, hatchability, and affected chicks following oral 
administration of AE virus to 34 breeder hens. Experiment 1. 


Days Number Embryos % 18 da. emb. Clinical 





Postinoc. Eggs Alive 18 da. hatched AE signs 
1-2 55 49 94 0/46* 
3-6 77 70 97 0/68 
7-9 74 68 96 2/65 

10-13 89 81 95 0/77 

14-16 82 74 95 1/70 

17-20 80 72 92 23/66** 





* Number affected over number of chicks, 
** Thirty-two of forty-three survivors positive histologically at 28 
days of age. 
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The major period of transmission occurred between 17 
and 20 days postinoculation, though the first affected chicks 
were observed in the hatch from eggs laid 7 to 9 days after 
inoculation. Of 23 clinically affected chicks in the last hatch 
(eggs laid 17 to 20 days postinoculation), first signs of AE 
appeared in two chicks at 6 days of age, four at 12 days, two 
at 14 days, six at 16 days, one at 17 days and three at 20 days. 
Virus isolation attempts were done on brains of two chicks 
affected at 14 days of age and one chick affected at 19 days 
of age. All three yielded AE virus. All chicks affected after 
the 12th day of age were examined and found to contain 
lesions of AE in the brain, gizzard, proventriculus and pan- 
creas. Tissues of survivors from the last hatch were examined 
histologically at 28 days of age. Thirty-two of 43 chicks so 
examined had lesions. 

Experiment 2. This trial was designed to determine the 
infectivity of the colony house used in experiment 1 for other 
groups of birds. The pen was not cleaned out and was left 
vacant for only 48 hours between experiments. A wire par- 
tition separated the house lengthwise into halves. All litter 
was combined and placed on one-half of the floor only. On 
the other side of the partition, a clean sterilized wire battery 
was placed. The top deck was approximately 5 feet off the 
floor and within 2 feet of the wire partition. Attached to the 
end of the house and directly underneath two large open win- 
dows was a wire-floored porch that had been chemically dis- 
infected. 

Fully susceptible 12-week-old birds were distributed in 
the following manner: floor, 20 birds; battery (top deck), 10 
birds; and porch, 10 birds. Ten birds were kept in a wire 
battery in an isolation unit elsewhere to serve as controls. 
Separate feed cans and feeding and watering implements 
were used for each group to help avoid mechanical trans- 
mission. 

Serum-neutralization tests were done on blood samples 
from 10 birds prior to the start of the experiment. At 3, 5, 
and 7 weeks postexposure, SN tests were conducted on all 
groups (excepting isolated controls at 3 weeks). Neutraliza- 











330 B. W. CALNEK ET AL. 


tion indices (NI) of 1.1 or greater were considered positive.” 
In the group maintained on the floor, the first positive NI 
(2.7) was observed at 3 weeks postexposure. By 7 weeks 
postexposure, 17 of 20 (85 percent) were immune serolog- 
ically. All birds held in the battery were negative at 5 weeks 
but four of 10 had become positive by 7 weeks. Birds kept on 
the porch and in the isolation room remained negative 
throughout the 7 week period. Data on the serological re- 
sponses are found in table 2. 

Experiment 3. To gain additional information regarding 
possible modes of infection, a third experiment was conducted 
using modified Horsfall units. Units 1, 2, and 3 were con- 
nected in series with the air inlet attached to unit 1 and the 
outlet to unit 3. Units 4 and 5 were maintained separately in 
the usual manner, each having individual inlets and outlets. 
In order to prevent dust, dropping pans within the units were 
filled with water and a detergent to a depth of 1% inch. 

Chicks for this trial were 19 days of age. Inoculum con- 
sisted of the same virus pool used in experiment 1 but diluted 
in 330 ml of nutrient broth rather than tap water. One ml of 
virus suspension was pipetted directly into the crop of each 
of three chicks in unit 1. An additional 3 ml were placed in 
the drinking water for these birds. Two chicks in each of 
units 2 and 3 were uninoculated (air contact) controls. Unit 
4 held two birds, each given 2 ml of virus suspension in the 
following manner. Virus was placed within gelatin capsules 
and was quick frozen. These were then carefully inserted into 
slightly larger capsules to prevent contamination of the outer 
surfaces. The double capsules were forced into the crops of 
the birds which were then restrained in lateral recumbency 
for a period of 48 hours. The latter was done to avoid oral 
contamination from feces. The vents of the birds were then 
cleansed thoroughly with detergent and water and the birds 
released to a clean sterile unit (unit 4). Unit 5 contained two 
uninoculated, unexposed controls. 

Serum-neutralization tests were conducted on one bird 
from each unit prior to inoculation and from each bird at 4, 
6, and 8 weeks postinoculation. Results are found in table 3. 


m= 
of 
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TABLE III 


Neutralization indices following various exposures of 19-day-old 
chickens to AE virus. Experiment 3. 


Postinoculation 














Exposure 
Unit* per bird Preinoculation 4 weeks 6 weeks 8 weeks 

1 1 ml per crop -0.1 2.4 2.3 2.0 
1 ml drinking water 2.4 2.3 3.7 
2.5 2.6 4.0 
2 air contact** 0.3 0.2 -0.1 0.1 
0.4 0.7 0.7 
3 air contact -0.1 0.2 0.4 0.3 
0.2 0.4 0.7 
4 2 ml (capsule) -0.1 1.2 1.6 L7? 
per crop 1.7 2.1 1.8 
5 controls -0.4 —0.5 0.1 0.1 
0.4 -0.6 0.9 





* Unit = modified Horsfall unit. : ; 
** Air contacts = units 1, 2, and 3 connected in series for ventilation. 


Uninoculated, unexposed controls (unit 5) and air contact 
controls (units 2 and 3) remained serologically negative 
throughout the trial. Birds exposed by crop and drinking 
water (unit 1) and double capsule (unit 4) were all immune 
by 4 weeks postinoculation. 

Experiment 4. Thirty 8-month-old hens were used to 
study further the syndrome of an AE infection. Data were 
wanted on the period and extent of egg transmission, contact 
transmission among chicks, serological response, the rela- 
tionship, if any, of transmission to egg production and hatch- 
ability, occurrence and duration of histological lesions, and 
elimination of virus in feces. 

The flock from which the hens were obtained was con- 
sidered susceptible on the basis of embryo susceptibility and 
negative SN tests prior to inoculation. Eighteen of these birds 
(Group A) were placed in individual compartments within 
a wire laying battery. Two males from the same flock were 
kept in a separate cage, but in the same isolation unit, to 
supply semen. The hens were artificially inseminated through- 
out the course of the experiment. An additional twelve hens 
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(Group B) from the same flock were placed on the floor of a 
colony house and were mated with two males known to be 
immune to AE. The birds remaining in the original flock were 
considered isolated controls (Group C). 

Three liters and 2 liters of inoculum were administered 
as drinking water to Group A and Group B birds respectively. 
Inoculum consisted of the following: 


Isolate Dilution Quantity 

28 1:5 5 ml 

1143 1:5 5 ml 

774 1:5 16 ml 

VR Undiluted 48 ml 

broth — 500 ml 
distilled water a 4500 ml 


Blood samples for SN tests were collected from all birds 
prior to inoculation and again at 3 and 4 weeks postinocula- 
tion. Eggs collected from the 29th through the 35th day post- 
inoculation were tested for embryo susceptibility to AE virus. 

At weekly intervals from the 3rd through the 8th week, 
two birds from Group A were sacrificed and tissues were 
saved for histological examination. Tissues from two isolated 
contro] birds were examined in parallel through the 6th week. 
Feces for virus assay were collected and pooled twice weekly 
from six Group A birds. 

Eggs and subsequent chicks from Group A birds were 
individually identified according to hen and date laid. Group 
B eggs (from hens not trapped) were identified by date only. 
All eggs from Groups A and B plus 3 dozen from Group C 
were set weekly for 4 successive weeks. Eggs were candled 
at 5, 14, and 17 days of incubation and were hatched in the 
same incubator. On the 22nd day the chicks were taken out 
and wingbanded. The identity of embryos which had pipped 
or were dead-in-shell (D/S) was recorded. Brains were 
harvested from all pipped and D/S embryos in the second 
hatch only for virus isolation attempts. 

Chicks from all three groups within each hatch were held 
together in a wire battery. Chicks from the first and fourth 
hatches were held in separate isolation rooms while chicks 
from the second and third hatches were kept in separate bat- 
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teries within another room. Since lesions of AE are not easily 
detected during the 1st week of age isolation attempts were 
done on brains harvested from all chicks developing clinical 
signs during the first 8 days. Histological examinations were 
made on those affected after 8 days of age. 

Egg transmission and contact transmission. When non- 
infected, susceptible controls in the first three hatches were 
placed together with infected chicks, they developed clinical 
signs of AE as a result of apparent contact transmission as 
early as 11 days of age. For this reason, only those chicks af- 
fected prior to this age were considered infected by egg 
transmission. No chicks from the fourth hatch (eggs laid 
21 to 28 days postinoculation) were infected either by egg 
or contact transmission. Complete data of egg production, 
hatchability, egg transmission, and contact transmission are 
found in table 4. These results are based on eggs from 16 
hens from Group A (two were sectioned at 3 weeks and not 
included in transmission data), and 12 Group B hens. Data 
from Groups A and B are presented together because no 
significant differences were observed. Egg transmission oc- 
curred in chicks hatched from eggs laid on the 6th through 
the 13th days postinoculation. A total of 21 chicks were in- 
fected and developed clinical signs of AE at the following 
ages: 1 day—four chicks, 2 days—two chicks, 3 days—three 
chicks, 5 days—four chicks, 6 days—five chicks, 7 days—three 
chicks. Clinical signs due to contact transmission first ap- 
peared at the 11th day of age and continued to appear until 
the 16th day of age in chicks from both the isolated controls 
and the infected hens. In the latter group, it is only presumed 
that chicks that developed signs during this time interval 
were infected as a result of contact. In the first hatch (eggs 
laid 1 to 7 days postinoculation), all chicks not infected by 
egg transmission, both from isolated controls and from in- 
oculated hens, were infected by contact. From the second 
hatch (8 to 14 days postinoculation) 24 of 27 control chicks 
developed AE from contact whereas only 21 of 44 chicks from 
the inoculated hens succumbed. There was no egg transmission 
in the third hatch (15 to 21 days postinoculation of parent 
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stock), so contact transmission probably occurred because of 
the close proximity of chicks from the second hatch. Only 
10 of 27 control chicks and six of 118 chicks from inoculated 
hens developed clinical signs of AE from contact transmission 
in the third hatch. 

Of the 16 hens in Group A, 12 had developed virus- 
neutralizing antibodies by 28 days after inoculation, hence 
it was known that a definite infection had been established 
in these particular birds. Examination of the results from 
these 12 birds (table 5) further clarifies the periodicity of 
contact transmission. All chicks from eggs laid the 1st through 
the 8th day postinoculation that did not develop AE from 
egg transmission became infected by contact. All chicks from 
eggs laid on the 9th and 10th days postinoculation developed 
AE as a result of egg transmission. Chicks from eggs laid 
subsequent to the 10th day postinoculation that were not in- 
fected by egg transmission survived, whereas some both from 
isolated control hens and from the four Group A hens suscep- 
tible at 28 days did continue to show evidence of contact trans- 
mission. Histological examinations of tissues of surviving 
chicks from infected (immune at 28 days), non-infected 
(susceptible at 28 days), and isolated control hens were done. 
No lesions were found in 39 chicks from the first group but 
lesions of AE were present in chicks from the latter two 
groups (6/8 and 7/13 respectively). 

Egg production and hatchability. The data presented in 
table 4 indicates both a drop in egg production and an in- 
creased number of pipped and dead-in-shell embryos from 
eggs laid during the period of egg transmission. Production 
of Groups A and B combined averaged 65 percent for the 
1st five days, 52 percent for the 6th through 138th days, 
and 66 percent for the 14th through 21st day postinoculation. 
The corresponding figures for the 12 birds known to be in- 
fected in Group A were 72, 50, and 79 percent respectively. 
Hatchability, based on embryos alive at 18 days, amounted 
to 68 percent for eggs laid on the 6th through the 13th day 
postinoculation as compared to 82 percent for 1st through 
5th and 84 percent for 14th through 21st day eggs. Hatch- 
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ability of eggs from isolated control hens in the list 3 
hatches was 97, 90, and 93 percent respectively. 

Immune response. Preinoculation serum-neutralization 
tests done on the 30 hens (Groups A and B) were negative. 
The geometric mean titer (GMT) was .1 with a range of —.6 
to .7 for individual] neutralization indices (NI). At 3 weeks 
postinoculation, 18 of 28 hens tested were immune, the GMT 
of the immune samples being 1.5 and the NI range 1.1 to 2.2. 
By 4 weeks 22 of 28 birds were positive, raising the immune 
GMT to 1.7. The NI range remained 1.1 to 2.2. 

Embryo susceptibility tests done on eggs collected prior 
to inoculation indicated no immunity (100 percent suscep- 
tible). Weekly samples of about 24 eggs from the isolated 
contro] hens remained fully susceptible throughout the experi- 
ment. Of 128 eggs collected from the inoculated hens of 
Groups A and B between the 29th and 35th days postinocula- 
tion, only 19 (15 percent) were fully susceptible. All sus- 
ceptible eggs from the Group A hens (14 of 77) were laid 
by 3 birds having negative SN tests at 4 weeks postinocula- 
tion. 

Histopathological responses. Microscopic lesions of AE 
were found in tissues from one of two hens at 3 weeks and 
two of two hens at 4, 5, and 6 weeks postinoculation. One of 
two Group A birds examined at 7 weeks was positive while 
both birds done on the 8th week were negative histologically. 
Two isolated controls examined at 3, 4, 5, and 6 weeks were 
negative. The lesions observed in infected hens were indis- 
tinguishable from those found in natural outbreaks of AE in 
breeders. In two instances within the past year, AE was 
diagnosed by the use of histopathology in flocks from which 
birds had been submitted to the laboratory. Both flocks were 
undergoing a slump in production at the time birds were 
examined. The diagnoses of AE were later confirmed by 
the appearance of AE in chicks from eggs laid during the 
drop in production. 

Virus-assay of feces. Each feces pool collected from six 
Group A birds was administered in the drinking water to 
five 4-day-old susceptible chicks held in Horsfall units as 
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described previously. Ataxia and paralysis were seen in all 
chicks in the groups given feces collected at 5, 9, and 12 days 
postinoculation. These clinical signs of AE were first evident 
as early as 11 days following administration of the feces. 
Chicks receiving feces pools collected preinoculation and at 
16, 19, 23, 30 and 37 days postinoculation appeared normal 
throughout a 28-day observation period. Tissues from two 
chieks in each group were sectioned for histological exami- 
nation at 21 days after inoculation. Lesions of AE were found 
in the brains and gizzards of chicks inoculated with feces 
collected at 5, 9, and 12 days. The remaining three birds in 
each group were bled for SN tests at 28 days postinoculation. 
Positive samples were observed in the 5, 9, and 12 day feces 
pool groups. Data are found in table 6. 


TABLE VI 


Pathological and servlogical responses of 4-day-old chicks orally 
inoculated with feces from 6 adult birds infected with AE 





Serol. response 








Feces pool Clinical AE AE lesions* 28 da. postinoc. 
(Days postinoc. ———— cqomasapsesaaeestenenshenieneiatashstltianetecensesigennibsiasneiieaaiitaalenytin 

collected ) Totalinoc. No. exam. Pos. GMT (NI range) ** 
Preinoc. 0/5 0/2 0/3 ol ( Oto .3) 
5 da. 5/5 2/2 3/3 2.5 (2.2 to 2.9) 
9 da. 5/5 2/2 3/3 2.7 (2.3 to 3.2) 
12 da. 5/5 2/2 3/3 2.2 (1.9 to 2.5) 
16 da. 0/5 0/2 0/3 0 ( 0to .1) 
19 da. 0/5 0/2 0/3 3 ( Oto .7) 
23 da. 0/5 ND 0/3 on ( 0to .3) 
30 da. 0/5 ND 0/3 3 ( Oto .7) 
37 da. 0/5 ND 0/3 on ( Oto .3) 
Uninoe Controls 0/6 ND 0/4 3 €- @ tw. ay 





* Lesions in brain, gizzard and proventriculus of chicks sacrificed 21 
days postinoculation. ND = not done. . 

** Pos, — neutralization index (NI) of 1.1 or greater. GMT = geometric 
mean titer. 


These results are contrary to those obtained in previous 
work using only the VR strain as inoculum. This strain was 
not demonstrated in feces collected over a period of 21 days 
following oral inoculation of birds. The birds, however, were 
serologically immune at 28 days postinoculation. 

Virus isolation attempts. Supernates of 1:10 brain sus- 
pensions prepared from all chicks infected by egg transmission 
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and from Group A and Group C pipped and dead-in-shell 
embryos in the second hatch were injected intracerebrally 
into susceptibile day-old chicks. Brains from the 21 egg- 
infected chicks were all positive. Of 13 brain suspensions 
from Group A pipped and D/S embryos, 12 were positive for 
AE virus. The one negative sample was from an egg laid 
by a hen serologically negative at 28 days. Two brain sus- 
pensions from D/S Group C (isolated control) embryos also 
yielded negative results on isolation attempts. 

Experiment 5. Previous work here had indicated that AE 
isolate 1288, when injected into the yolk-sacs of 6-day em- 
bryos, did not markedly reduce hatchability but did cause 
most of the subsequent chicks to develop clinical signs of AE 
within the 1st week after hatching. Because of these character- 
istics, it was employed to provide a source of infected chicks 
to further study contact transmission. Sixty susceptible 6- 
day-embryos were inoculated via the yolk-sac with this 
isolate. Incubated with these were 112 uninoculated control 
eggs. On the 18th day of incubation, 57 surviving eggs from 
the inoculated group and 56 control eggs were placed in 
separate trays within the same incubator (A) for hatching. 
The remaining 56 control eggs were hatched in a separate 
incubator (B). Chicks were taken out on the 22nd day of 
incubation. In incubator B, 55 control eggs hatched and one 
pipped. Control eggs in incubator A hatched equally well 
giving 55 chicks and one dead-in-shell embryo. Of the 57 
inoculated eggs in incubator A, three were dead-in-shell, two 
pipped, and 52 hatched. Chicks were wing-banded and dis- 
tributed to wire batteries in the following manner: 


Group Unit 1 Unit 2 Unit 3 


Infected - incubator A 52 
Controls - incubator A 30 25 
Controls - incubator B 28 27 


Observations of the chicks were made daily. Clinical signs 
were recorded at first appearance though most affected chicks 
were left with their respective groups until ataxia and 
paralysis had become quite pronounced. On the 5th through 
the 10th day after hatching, one or two chicks from each of 
the groups were sacrificed and tissues were removed for 
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histological examination. From the 11th day on, only occasion- 
al ataxic chicks were sectioned in order to verify the diagnosis 
of AE. Tissues from all survivors at 22 days of age were 
examined histologically. 

Clinical AE in chicks hatched from the inoculated eggs 
first appeared at one day of age. Additional chicks became 
affected through the 6th day of age making a total of 49 of 
52 chicks having signs. Chicks in all other groups exposed 
(either in the incubator, battery, or both) to the infected 
group developed first signs of ataxia and paralysis at 10 
days of age. Affected chicks from these groups continued to 
appear through the 17th day. Data on the appearance of 
clinical signs are found in table 7. Discounting those chicks 
removed for sectioning prior to the appearance of clinical 
signs, 22 of 24 (92 percent) chicks hatched and raised with 
the inoculated group developed clinical AE as compared to 
49 of 52 (94 percent) affected in the latter group. Chicks 
hatched with the inoculated group but raised separately 
succumbed to the extent of 15 out of 18 (83 percent). Those 
hatched separately but raised with the inoculated group were 
affected at a rate of 16 of 21 (76 percent). Control chicks 
hatched and raised separately developed no clinical signs of 
AE throughout the trial. 


TABLE VII 


Contact transmission when susceptible chicks are exposed to infected 
chicks during hatching, raising, or both. Experiment 5. 


Signs AE 











— Days age Lesions* 
Group No. chicks Ist Signs survivors 
Tnoculated** 49/52 (94%) 1- 6 1/3 
Control 1 (hatched and 22/24 (92%) 10-16 1/2 
raised with 
inoculated) 
Control 2 (hatched with 15/18 (88%) 10-16 3/3 
inoculated; raised 
separately) 
Control 3 (hatched separately; 16/21 (76%) 10-16 3/5 
raised with 
inoculated) 
Control 4 (hatched and 0/19 — 0/6 


raised separately) 





* Histological lesions of AE/chicks surviving at 22 days of age. 
** Inoculated = AE virus inoculated into yolk-sacs of 5-day embryos, 
embryos allowed to hatch. 
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The question arose as to whether or not the high incidence 
of clinical signs following contact was a result of infection 
through the wound produced by wing-banding rather than 
through more natural routes. That the wound was not neces- 
sary was proven when 19 egg-infected and 21 contact con- 
trols were hatched and raised together without banding. 
Results obtained were essentially the same as in banded birds. 

Histological lesions of AE were observed in the gizzard 
of egg-infected chicks as early as 5 days of age, and in brain 
and proventriculus at 9 days of age. Gizzard and proventric- 
ulus lesions appeared at 8 days and brain lesions at 10 days 
in control chicks hatched with the infected ones. Chicks 
hatched separately but raised with the infected group had 
lesions in the gizzard and proventriculus at 10 days and brain 
lesions at 12 days of age. No lesions were found in chicks 
hatched and raised separately. 


DISCUSSION 

The results presented here offer evidence strongly sug- 
gestive that AE is an enteric infection in growing and adult 
birds. Of paramount importance were two observations: (1) 
oral administration of virus induced a syndrome indistinguish- 
able from that seen in naturally occurring outbreaks of AE, 
and (2) virus was eliminated in the feces of infected birds 
over a period of several days and at a level sufficient to infect 
young susceptible chicks by the oral route. Although one could 
not conclude that ingestion of virus is the only mode of 
infection, it undoubtedly plays a very important role. Certain- 
ly, the possibility of infection via the respiratory tract, par- 
ticularly in young chicks, should not be excluded. Birds placed 
in a sterile battery within an AE contaminated colony house 
became infected but to a much lesser extent (40 vs. 85 per- 
cent) and some time later (7 vs. 3 weeks) than birds placed 
on the floor within the same house. Since the litter was 
reasonably dry and dusty it is conceivable that infection in 
the battery-held birds occurred either as a result of their 
feed and water being contaminated or by direct inhalation of 
virus from the litter and feces. 
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Young chicks inoculated via the crop by a double capsule 
technique, thus avoiding contamination of the upper re- 
spiratory tract, developed positive serology within 28 days. 
Other chicks held in Horsfall units and exposed to air pre- 
viously passed through a unit holding orally infected birds 
failed to become immune over an 8 week period. These find- 
ings lend further support to the conclusion that infection may 
normally take place through the intestinal tract. 

Virus was detected in the feces of orally inoculated adult 
birds over a period of several days. The minimum time limits 
on elimination of virus were the 5th through the 12th days 
postinoculation. Feces, collected on the 5th, 9th, and 12th day 
postinoculation produced clinical signs of AE in 4-day-old 
chicks when 0.2 gram per bird was administered orally. Al- 
though the actual quantity of virus excreted by infected birds 
was not determined, it appears that there was a sufficient 
amount to account for the source and spread of infection to 
susceptible birds. 

In each of two experiments, oral administration of AE 
virus to susceptible adult breeders induced egg transmission. 
Observations of egg transmission in the 1st experiment served 
primarily to establish that the hens had undergone an out- 
break of AE similar to field cases. In the second trial (ex- 
periment 4), information regarding the nature of the infection 
was obtained. It was found that a drop in egg production, 
decreased hatchability, and egg transmission of the virus 
occurred essentially concurrently and between the 6th and 
13th days postinoculation. As mentioned previously, virus 
was shed in the feces during the same interval. Histological 
lesions of AE and positive serology were evident as early as 
21 days postinoculation. The results on production, hatch- 
ability and egg transmission are in agreement with the 
observations made by Taylor, et al.!° 

Of particular interest was the occurrence of clinical AE 
in susceptible chicks held in contact with those infected by 
egg transmission (experiment 4). Since this was wholly 
unexpected when the experiment was designed, no chicks from 
the isolated control hens were hatched and raised in isolation. 








344 B. W. CALNEK ET AL. 


The fact that the control hens remained susceptible through- 
out the experiment, however, negates the possibility of egg 
transmission as the cause of clinical signs in these chicks. 
Clinical AE developing as a result of contact transmission 
consistently occurred first on the 11th day after hatching in 
each of three hatches. Chicks did not become affected after 
the 16th day of age. The percentage of contact transmission 
in control chicks decreased progressively in the first three 
hatches (100, 89, and 37 percent respectively), probably due 
to less exposure in the latter hatches. As there was no egg 
transmission in the third hatch, these chicks received their 
only exposure from an adjoining battery which held second 
hatch chicks. Contact transmission in chicks from infected 
hens decreased at a higher rate than in control chicks and 
ceased entirely after the period of egg transmission (13th 
day postinoculation). The lack of susceptibility of chicks co- 
incident with the cessation of egg transmission by the dams 
suggests the appearance of circulating antibodies in the dams. 
Evidence of parental immunity was observed in some chicks 
from eggs laid as early as 11 days after inoculation. 

The very high percentages of chicks that became afflicted 
with AE in some hatches, and certainly the 100 percent loss 
in the first hatch are not in accord with observations on most 
field cases. In the latter, losses of only 5 to 10 percent are 
common though they may reach above 50 percent. As noted 
previously, the majority of breeder flocks are immune to AE. 
Most hatcheries depend upon eggs from many sources for 
hatching purposes. In doing so, the chances of diluting sus- 
ceptible chicks with parentally immune chicks are increased, 
thus decreasing the possibility of contact transmission occur- 
ring at a high overall rate. It would seem advisable that eggs 
from known susceptible flocks be hatched alone or with eggs 
from known immune sources. 

The ease with which susceptible chicks may become in- 
fected was quite apparent from the results of experiment 5. 
Chicks infected by experimental egg transmission provided 
adequate virus to infect a large percentage of susceptible 
chicks either within the incubator during hatching, or in wire 
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batteries after hatching. In these instances, clinical signs 
from contact transmission first appeared at 10 days of age 
as compared to 11 days for each of three hatches in experi- 
ment 4. It is interesting to note that the minimum incubation 
period following oral administration of virus-contaminated 
feces was also 11 days. Egg transmission, on the other hand, 
either natural (experiment 4) or experimental (experiment 
5) produced clinical signs as early as 1 day of age and not 
later than 7 days of age. Generally, there was a lapse of about 
4 days between the end of egg transmission and the beginning 
of contact transmission in which no chicks became affected. 
It is possible that the majority of chicks afflicted in field 
cases are infected as a result of contact with a few egg- 
infected chicks. Furthermore. the possibility that chicks 
hatched from susceptible dams may become infected from AE 
contaminated premises deserves attention. 

It is evident that the manifestation of clinical AE follow- 
ing contact exposure must in part depend upon the age of the 
chicks and the degree of exposure. The age at which chicks 
can become infected but yet not have signs of disease needs 
to be determined. 

There were no observed adverse effects other than a drop 
in egg production upon the hens following oral administration 
of AE virus. Egg transmission occurred for a relatively short 
period of time and immunity was established within 2 to 3 
weeks following inoculation. This information suggests that 
vaccination of susceptible breeding flocks may be of a practi- 
cal nature. By using the embryo susceptibility test, the im- 
munity status of flocks could be known shortly after egg 
production commences. If a susceptible flock was vaccinated 
and the eggs eliminated for hatching purposes for a short 
time, the danger of a future outbreak at an unknown time 
would be removed. Certainly an approach such as this war- 
rants further investigation. 

Perhaps of even greater interest is the potential appli- 
cation of findings to the development of an effective immuni- 
zation program for growing birds. Oral vaccination of young 
birds (after the disappearance of parental antibodies and 
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prior to egg production) would have several obvious advan- 
tages. Application would be simple and would eliminate the 
need for handling each bird as is the case with wing-web 
or inactivated vaccines. The disease would resemble that 
occurring naturally and should therefore be inapparent. Also, 
the birds would be immune prior to the commencing of egg 
production. It is conceivable that only a small percentage 
of birds within a flock dosed with vaccine could adequately 
spread the infection to others. 

In the development of such a program, selection of a 
suitable strain of virus would be important. Previous work? 
indicated that a very high oral dosage of VR strain virus was 
required to stimulate an immune response. Furthermore, con- 
tact controls held in the same room with birds inoculated with 
VR virus remained susceptible for several weeks. Other ex- 
periments indicated that this strain was not recoverable from 
the feces of orally inoculated birds over a period of 21 days, 
even though the birds were serologically immune at 28 days. 
Results reported in this paper were considerably different. 
Contact transmission occurred within a short period of time 
and to a large percentage of the contact controls. Also, feces 
were demonstrated to contain viable and infectious AE virus. 
These differences were undoubtedly due to varied character- 
istics among the isolates used. For the experiments reported 
here, inocula invariably contained one or more isolates of 
rather recent origin that had undergone few if any passages in 
laboratory hosts. The VR strain, on the other hand, had been 
passaged intracerebrally in chicks a total of 150 times and 
had an additional 36 passages in embryonating eggs. Although 
this strain had retained neuropathic properties, it would 
appear that enterotropic tendencies, if originally present, 
were lost by passage. Isolates less removed from their 
original hosts appeared to be both neuro- and enterotropic. 

The selection of an isolate that is relatively non-patho- 
genic for the central nervous system, is easily propagated 
within and excreted from the intestinal tract, and suitably 
immunogenic should provide a safe and effective vaccine 
virus for oral administration. 





— — ~~ FR i Ww Wie 


Ss 


)— 


Ss & 


AVIAN ENCEPHALOMYELITIS 347 


SUMMARY 


Studies on the epizootiology of avian encephalomyelitis 
(AE) resulted in the following findings: 

1. Susceptible birds placed in a colony house previously 
holding AE infected chickens developed positive serology 
within 3 to 7 weeks. 


2. Chicks could be infected by the intestinal route to the 
exclusion of the respiratory tract. 

3. Oral (drinking water) administration of AE virus to 
susceptible adult breeders produced a syndrome indistinguish- 
able from that observed in field outbreaks. A drop in egg 
production, lowered hatchability, and egg transmission of 
virus occurred between 6 and 13 days postinoculation. Virus 
was demonstrated in the feces during the same interval. 

4. Transmission of AE took place from egg-infected 
chicks to susceptible contact chicks following exposure either 
within the incubator during hatching or in batteries following 


hatching. Clinical signs appeared at about 11-16 days follow- 
ing contact. 
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TRANSMISSION OF CHRONIC RESPIRATORY 
DISEASE IN CHICKENS* 


By O. M. OLESIUK and H. VAN ROEKEL 


Department of Veterinary Science 
University of Massachusetts 
Amherst, Massachusetts 


HRONIC respiratory disease (CRD) is recognized as one 

of the important poultry disease problems confronting 
the industry at the present time.? Especially is this true for 
the broiler industry. It has been generally accepted that the 
cause of CRD is the avian pleuropneumonialike organism 
(PPLO).1+%® Considerable knowledge concerning this dis- 
ease has been gained during the past decade, although it 
should be recognized that only very limited information has 
been established relative to the transmission of the disease. 
The sources of the infection and the channels through which 
it may spread need further elucidation. 

Egg-borne infection is believed to be the most common 
source of dissemination from one generation to the next.*:561° 
This mode of transmission may express itself in many differ- 
ent patterns that may be influenced by certain factors. In- 
vestigations concerning the elimination of the organism in the 
egg have revealed that the rate and persistency of the shed- 
ding of the agent may be extremely variable. 


Contribution No. 1257 from the Department of Veterinary Science, 
Massachusetts Agricultural Experiment Station, Amherst, Massa- 
chusetts. 

* Presented at the 32nd Northeastern Conference on Avian Diseases, 
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While the rate and persistency of spread may vary in 
different flocks or even within the same flock, it is observed 
that as the progeny attain sexual maturity, approximately 
100 percent of the birds in the flock will become serologically 
positive. 

The source and mode of spread of the infection play an 
important role in the control and eradication of this disease. 
In the investigations reported in this paper, consideration has 
been given to the degree and severity of the infection in a 
breeding flock and to their possible influence on the dissemi- 
nation of the agent via the egg or through direct and indirect 
contact between the infected and noninfected chickens. 


MATERIALS AND METHODS 

Studies were conducted in four CRD-positive chicken 
flocks dealing with egg and contact transmission of the avian 
pathogenic Mycoplasma organism. 

Experiment 1. This experiment was designed to study 
incubator and brooder transmission of the avian PPLO. The 
source of positive eggs was a flock comprised of Barred Ply- 
mouth Rock (BR) females and Rhode Island Red (RIR) 
males, designated as flock I, that had experienced a severe 
CRD outbreak. The birds revealed a marked decline in egg 
production, poor egg quality, and 50 percent hatchability 
of chicks during the height of the disease. A high percentage 
of the cull chicks and embryos from nonpipped and pipped 
eggs exhibited lesions for several months following the dis- 
ease outbreak. The Sex Linked (SL) progeny, obtained from 
this flock at the height of the disease outbreak and reared on a 
commercial farm, manifested CRD at 3 days of age and a 
3 percent mortality at 6 days of age. 

The control eggs were obtained from flock II, an es- 
tablished CRD-free RIR flock maintained at the University 
Poultry Farm. 

Hatching eggs for this study were obtained approxi- 
mately 5 weeks after the disease occurred in the positive flock. 
Fertile eggs from the positive and negative flocks were hatched 
in a single incubator to determine if transmission may occur 
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in the hatcher. Negative control chicks, hatched in an isolated 
incubator, were reared with progeny from the positive flock 
to detect evidence of transmission by contact during the 
brooding period. A portion of the chicks from the two sources 
were stressed at 5 weeks of age with a virulent strain of in- 
fectious bronchitis virus (IBV) in an attempt to precipitate 
the CRD syndrome. Serology was the main criterion for de- 
termination of transmission. Serologic determinations were 
made with the rapid-serum-plate agglutination test. The 
Adler S6 strain was used in preparation of the antigen by this 
laboratory. Biweekly or monthly tests were conducted on 
the RIR and SL birds for 6 and 12 months, respectively. 

Experiment 2. This was a study of egg transmission of 
CRD in flock III comprised of two age groups of BR birds, 
pullets and yearling hens, that had undergone a natural 
outbreak of CRD at different time periods. The stock for 
both groups of birds was obtained as baby chicks from the 
same breeder-hatcher, the yearling group in one hatching 
season, and the pullet group in the following season, 12 
months later. The hatchery has had a long CRD history. 

The pullet flock was enrolled in a laboratory vaccination 
program for Newcastle disease (ND) and IB that included 
periodic serologic tests for CRD. At 3 months of age, this 
group was positive for CRD. As part of the vaccination pro- 
gram, susceptible CRD-free birds were added to the flock 6 
weeks following the second viral vaccination at 414 months of 
age. Evidence of CRD was detected among these susceptible 
control birds within a month after placement in the flock. 

The yearling flock had also been enrolled in a laboratory 
vaccination program for ND and IB, and random tests for 
CRD indicated a negative status. The entire flock, at one 
year of age, was tested for CRD and found negative by the 
rapid-serum-plate test. A portion of these birds was retained 
for production for a second year. The birds were held in two 
pens in the laying house with the pullets. Respiratory signs, 
a slight mortality, a slight decline in egg production, and 
poor egg quality, were observed in these yearling hens approxi- 
mately 2 months following the placement of the susceptible 





= 3 


\w 


TRANSMISSION OF CRD 351 


controls in the two pullet pens. The yearling hens were 
separated from the pullets by a feed room. The disease was 
diagnosed by isolation of the agent in embryonated eggs and 
birds, and confirmed by preclinical and postclinical serologic 
tests. No signs were apparent in any of the pullets and in only 
a few of the susceptible control birds that had been placed in 
the two pullet pens. 

Eggs for this study were obtained from both groups of 
birds, approximately 3 weeks after the onset of the disease 
among the yearling stock and 24 weeks after the onset of the 
disease in the pullets. The eggs were incubated and hatched 
in separate incubators. The chicks from each group were 
reared in isolated quarters. Both groups of progeny were 
stressed by exposure to IBV at 4 weeks of age to precipitate 
the CRD syndrome. The birds were necropsied at 8 weeks of 
age. The main criteria for determination of transmission 
were: clinical signs, serology, and gross pathology of the 
birds. 

Experiment 3. In this experiment egg and contact trans- 
mission were studied. The positive flock (flock IV) was com- 
prised of BR females and RIR males and had experienced a 
natural outbreak of CRD. The supply hatchery was the 
same as described for the pullets used in experiment 2. The 
birds became serologically positive for CRD by the time they 
were 4 months of age. The hatching eggs for this study were 
obtained 4 months later. 

The control eggs were obtained from a CRD-free White 
Plymce 1th Rock (WR) flock (flock V). 

The chicks from both groups were hatched and reared 
in separate isolated quarters. At 5 weeks of age, the chicks 
were moved to a poultry house and at 7 weeks of age a portion 
of the chicks from each group were stressed by ND vaccina- 
tion. The SL males and all the WR birds were sacrificed at 11 
weeks of age and examined for gross evidence of CRD. The 
SL pullets were raised to maturity and tested at periodic 
intervals for serologic evidence of CRD. 

The main criteria for determination of CRD transmission 
were: clinical signs, serology, and gross pathology. 
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Experiment 4. This experiment was designed to study 
hatcher transmission of CRD. The yearlings and pullets of 
flock III, described in experiment 2, provided the positive 
source of hatching eggs. A time interval of 6 weeks elapsed 
between the two experiments. The general condition of the 
yearling flock had improved considerably. 

The control eggs were obtained from flock VI, a White 
Leghorn (WL) flock with no history of CRD. 

Hatching eggs from the yearling flock and control groups 
were hatched in a single incubator. At the time of hatching, 
the chicks were divided according to original source and 
reared in isolated quarters for 4 weeks. At this time, a portion 
of each group was stressed with IBV in an attempt to pre- 
cipitate the CRD syndrome. The birds were necropsied at 8 
weeks of age. 

The pullet eggs were hatched in a separate incubator and 
the progeny were examined at one day of age. 

The criteria for evaluation of transmission were: clinical 
signs, serology, and gross pathology. 

Experiment 5. This experiment, extending over a period 
of 12 months, was conducted to study contact transmission 
of CRD among mature chickens in an environment that 
simulated commercial conditions. The positive chickens were 
obtained from a BR flock, designated as flock VII, that was 
positive serologically and manifested only slight clinical evi- 
dence of the disease. The negative birds were obtained from 
the CRD-free flocks (RIR, WR, WL). 

Two adjacent pens, D and E, were established. Pen D was 
comprised of 50 BR positive hens, 25 RIR susceptible hens, 
7 RIR susceptible males, 17 RIR susceptible pullets, and 7 
WR susceptible pullets. Pen E was comprised of 50 CRD- 
positive BR hens, 53 WL susceptible hens, 4 RIR susceptible 
males, and 4 WR susceptible males. The birds in each pen 
were tested serologically at weekly or biweekly intervals. 

The first week of the experiment all birds in pen E were 
cultured for PPLO. Tracheal swabbings were made in beef 
heart infusion broth to which was added 10 percent horse 
serum, penicillin (1,000 units per ml), and thallium acetate 
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1:4000 concentration). The cultures were checked for colo- 
nial appearance on the corresponding agar medium that was 
enriched with 10 percent horse serum. The phenol red medium 
described by Grumbles et al.7 was used to check carbohydrate 
reactions. This medium was also enriched by 10 percent horse 
serum without inhibitors. All cultures were also checked for 
hemagglutination activity. Tracheal swabbings were also 
taken from a portion of these birds at 12 months, the termina- 
tion of the experiment. 

The eggs collected over an intermittent period of 17 days 
during the 4th and 6th month of the experiment were cultured 
for PPLO. In general, the whole yolk was cultured for PPLO in 
media similar to that described for the tracheal swabbings. 
All other eggs obtained from this pen through the 7th month 
were hatched and the embryos and chicks were examined 
for gross evidence of CRD. The settings were made approxi- 
mately at weekly intervals. Two of these latter settings were 
pedigree hatched. 

At the 514 month period, 32 BR chickens were removed 
from pen D and challenged with a virulent CRD strain. The 
inoculum was strain Hy (S6 type) of M. gallisepticum that 
was isolated at this laboratory. At 8 months, 32 WL and 32 
BR chickens were removed from pen E for similar resistance 
studies. 

At 6 months, 40 susceptible, 6-week-old WR chicks were 
placed in pen D with the CRD serologically positive birds, 
to determine if CRD would be transmitted to these birds. 
One-half of the birds were placed directly in the pen and the 
other half were placed in a battery raised slightly above the 
floor level. All the birds were bled at biweekly intervals for 
3 months. At this time the birds were sacrificed and ex- 
amined for evidence of CRD. The nasal passages and tracheas 
were also cultured for PPLO. 

The criteria for evaluation of transmission among these 
birds were: clinical signs, serology, cultural tests, and gross 
pathology. 

Experiment 6. This was a study concerning CRD trans- 
mission in a commercial breeding flock. Two groups of WR 
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birds, designated A and B, located on a commercial poultry 
farm, were tested at periodic intervals for serologic evi- 
dence of CRD infection. Group A was comprised of 3500 
chickens that were obtained at 9 to 12 weeks of age from a 
breeder-hatcher that has been actively engaged in a CRD 
control program for several years. These birds had been 
brooded and reared on 6 small poultry farms associated with 
the hatchery. 

The birds in all groups were vaccinated for ND, IB, and 
fowl pox according to laboratory recommendations. 

The birds were first tested for CRD at 8 to 12 weeks of 
age while still on the premises where they were reared. Sub- 
sequent tests were conducted on the premises where the birds 
were reared to sexual maturity and maintained for breeding. 

At 10 months of age, 476 birds of certain breeding quali- 
ties were selected from this flock to supply hatching eggs for 
replacements for the following year. These replacements 
were hatched and brooded on the same farm that housed 
the breeders. The remainder of the breeding flock supplied 
hatching eggs to the hatchery. At periodic intervals, cull 
chicks and pipped eggs were submitted to the laboratory for 
examination for evidence of CRD infection. Progeny from 
group A that remained on the farm have been tested sero- 
logically for CRD for a period of 12 months. 

Group B, approximately 800 birds, was derived from the 
flock owner’s stock that was recognized as CRD negative the 
previous year. This group was tested by the serum-plate test 
at periodic intervals for 12 months for evidence of CRD. 
A limited number of cull chicks and pipped eggs were ex- 
amined from this group since this strain was to be discarded 
after completion of its laying year. 

Experiment 7. The natural spread of CRD was investi- 
gated in 8 commercial flocks that were vaccinated with com- 
bination ND and IB vaccines (water or dust) at 1 to 114 
months of age and revaccinated at 4 to 414 months of age. 
The stock in all flocks originated from positive sources. Sus- 
ceptible, CRD-free, mature chickens were placed in contact 
with the vaccinated birds 1144 to 4 months after the last 
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vaccination. Spread of CRD infection among the vaccinated 
and control birds was determined by periodic rapid-serum- 
plate tests. Random tests were made prior to, and after the 
first and second vaccination, and then at approximately 
monthly intervals until the birds were one year of age. The 
susceptible controls were tested at biweekly and monthly 
intervals. 
RESULTS 

Experiment 1. In this experiment, 360 eggs from positive 
flock I and 285 eggs from negative flock II were used. A 
designated number of fertile eggs from each flock were 
hatched in a single incubator to determine if transmission 
may take place from the positive to the negative stock. These 
chicks were divided at the time of hatching according to flock 
origin and each lot was reared in isolated quarters. The re- 
maining fertile eggs from the negative flock were hatched 
in a control incubator, and at the time of hatching a portion 
of these chicks were removed to isolated quarters and reared 
with an equal number of chicks from the positive hens to 
determine if transmission may occur through contact in the 
brooder. The remaining chicks from the negative birds were 
reared in isolation. Certain groups were stressed at 5 weeks 
of age by IBV inoculation. The birds were reared to maturity 
on nonpoultry farms. Results are presented in table 1. 

Eight embryos from pipped and nonpipped eggs and one 
day-old chick obtained from the positive flock revealed CRD 
lesions and the causative agent was isolated in embryonated 
eggs and artificial media. However, no further evidence of 
transmission was detected by serology in any of the progeny, 
the control progeny having been tested for 6 months and the 
positive flock progeny for approximately 12 months. 

Experiment 2. In this trial, 360 eggs from the yearling 
hens and 144 eggs from the pullets of flock III were used. 
A designated number of chicks from each group were reared 
in strict isolation. The remaining chicks and embryos were 
examined for gross CRD lesions. At 4 weeks of age, the 
chicks were stressed with IBV and observed for an additional 
4-week period. Results are given in table 2. 








0. M. OLESIUK AND H. VAN ROEKEL 


356 


“‘JUsUIIIEdxXe JO UOIZBUIUII9} 0} JolId poIp spaiq Inoygq (q) 
*JUSUIIIGdXe JO UOIPBUIULIEY 03 IO1LId pep spaiq JyusIqQ (B) 














*susy 
UI JeSUO Ja}JB SYoOM gE PUB sjal[nd UI JeosuO GYD Jee SyooM HZ poulezqO 91am SZZO Zuryozey ouy, , 
L6 L6 6h (q)Z0T § vst L9 suoH 
0 0 0 (®)Z01 (é)T SZ 6 Sze[[Nd 
AZO 019g suolsar] susig = +°ON “ON ‘ON »S8dnoisy 
@AT}ISOd SyYOTYyO Jo equnN S4I1YO pjo- sociquy 






SUOISe] GUO jo souepiouy 


(Z queultedxq) [J] yoy eayisod ut GYO jo uoissiusues, uvlIeAOsUBIy, 


Il ATaVi 


‘ULBI}S SIZIYDUOIG JUS[NAIA YRIA SyooM Gg 4B peSualleyD , 
“1oyeqnoul ewes UI peyozey sdnosy ' 














eatyesaN 7 q. 20S Gat 0 82) (OO OSI cgI a 
OAlZUSON «08 98 0 8T 0 3 oot "0 -— II 
0 0 69 & or 6L a 
2A1}BS9N «TOT 0g TST T LL S Gr OFZ 'V + I 
ssuIpulg AI III Tl : I oN” +-ON ‘ON +-ON ‘ON (on) s3uiyjeg — S4I0[ 
ow SUIOOL UOTRIOSI : soAaquig araeg 





Ul WOIUNQIIysIG 





SHIYO PelVat Ul SUOIZVAIISGGO SuOISe, JO e2UePIoUT 


(I queulttedxg) “JJ yoo[J eayesou pue J ydo[J earjisod woayz AueZoid ul GYD Jo UOISSIWIsUBI} IopooI1g puv IoyeqnouU] 


I WIaVvL 











TRANSMISSION OF CRD 357 

Lesions of CRD were observed in 22 embryos and 3 day- 
old chicks that were obtained from the yearling hens. Four 
chicks from the reared yearling group died prior to stressing. 
One of these chicks manifested gross CRD lesions at 6 days 
of age. At the termination of the experiment at 8 weeks, the 
following pathology was observed in the 98 chicks of yearling 
stock: sinusitis—43 percent, tracheitis—98 percent, and aero- 
sacculitis—31 percent. PPLO was isolated from this group 
in embryonated eggs and artificial media. No definite evi- 
dence of CRD was observed in the pullet progeny. 

Experiment 3. In this study, 540 hatching eggs from 
CRD-positive flock IV and 120 eggs from negative flock V 
were used. At hatching time a total of 362 SL chicks and 100 
WR chicks was selected for rearing. The remaining cull 
chicks and embryos, 135 from the SL and 20 from the WR 
group, were examined for CRD lesions. Evidence of CRD was 
observed in one cull chick obtained from the SL group. 

An adventitious outbreak of infectious bronchitis occurred 
in both groups of chicks at 5 weeks of age. At 7 weeks, 49 WR 
chicks and 232 SL chicks, placed in separate pens, were 
stressed with the Roakin ND virus. Newcastle disease also 
spread to a third pen of 50 WR and 110 SL birds that had 
not been stressed. At 11 weeks, 111 SL pullets were selected 
for rearing to maturity from the three pens of birds. The 
remainder of SL and WR birds were sacrificed and examined 
for CRD lesions. 

No further evidence of CRD was observed in the progeny 
of the positive or negative flocks. The SL birds that had 
been reared to maturity remained serologically negative for 
CRD for 2 years, the time of the last test. 

Experiment 4. A total of 360 hatching eggs was obtained 
from positive flock III: 180 eggs from the pullet group, and 
180 eggs from the yearling hens. Also, 108 hatching eggs 
were obtained from CRD-negative flock VI (WL). The fertile 
eggs from the yearling group and the negative stock were 
hatched in the same incubator. The chicks were divided at 
the time of hatching according to flock origin and reared in 
isolated quarters. At 4 weeks of age, a portion of the chicks 
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from each group were stressed by exposure to IBV. Un- 
fortunately, accidental bronchitis infection also appeared in 
the nonstressed chicks 13 days later. 

No lesions were observed among the 8 embryos and 154 
day-old chicks examined from the pullet stock or among the 
2 embryos and 6 cull chicks from the WL control stock. 
Definite lesions were observed in two of 15 embryos and one 
of 80 day-old chicks examined from the yearling stock. Two 
chicks from the reared-yearling group revealed evidence of 
CRD prior to vaccination. One chick that died at 5 days of 
age exhibited aerosacculitis and the other was positive sero- 
logically at 4 weeks of age but revealed no lesions. 

The progeny of the yearling flock, examined at 8 weeks 
of age, manifested CRD lesions and positive serology. Results 
are presented in table 3. The group that was stressed at 4 
weeks of age revealed a higher percentage of lesions and 
positive serology than did the group that became infected with 
adventitious IB approximately 2 weeks later. The CRD agent 
was isolated in embryonated eggs, artificial media, and birds. 
No evidence of CRD was detected in the WL chicks examined 
at this time. 


TABLE III 


Incubator transmission of CRD in progeny from positive flock III and 
negative flock VI (Experiment 4) 








Observations in reared chicks 
Distribution of chicks at 4 weeks 
of age in isolation rooms** 
I II Ill 
No No.-+ No No.+ No No.+ 

Breeding CRD No ———— 
flock status chicks* L S L Ss L Ss 
III + 75} 34 2 1 36 11 14 

VI -— 682 34 0 0 33 0 0 








* The two groups of chicks were hatched in the same incubator 
** The birds in Rooms II and III were challenged with potent IBV 
1 Five died before 4 weeks of age (2 positive for CRD) 

- One died before 4 weeks of age 

L - lesions S - serology 
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Experiment 5. Two BR hens in pen D showed respiratory 
signs during the course of the experiment, one bird for 1 
month and the other for 10 months. Respiratory signs were 
detected in 3 BR hens in pen E during the first month of the 
experiment. 

The rate of agglutinin production in the susceptible birds 
has been reported in a previous publication.® A portion of the 
mature susceptible birds in pens D and E revealed evidence 
of CRD, by a positive serology, within 30 days after initial 
contact. After 3 months’ cohabitation, essentially all the 
birds were positive. The transmission of the infection occurred 
with only slight clinical evidence of the disease in a few 
birds. 

Tracheal swabbings taken from the birds in pen E, 7 days 
after the start of the experiment, yielded the following number 
of isolations either in artificial media or embryonated eggs: 
17 from 53 WL hens and 26 from 50 BR hens cultured. At the 
termination, the 17 WL hens and 14 BR hens that remained 
were cultured for PPLO; 7 WL hens yielded the organism. 

The results of cultural studies of fresh eggs and exami- 
nation of progeny obtained from the birds in pen E are pre- 
sented in table 4. A total of 477 fresh eggs collected during 
the 4th to 6th month of the experiment, 238 from 42 BR 
hens and 239 from 37 WL hens in production, was cultured 
for PPLO. The PPLO was isolated from 22 WL eggs repre- 
senting six different hens. The number of PPLO isolations 
over the number of eggs cultured from each of the six hens 
was as follows: 8/11, 5/10, 1/6, 3/4, 1/1, 4/4. Two of these 
hens were positive for PPLO on terminal culture of tracheal 
swabbings; whereas, the first cultures were negative. 

The embryos and chicks obtained from 27 settings from 
each group were examined for evidence of CRD. Twenty 
hatches were found positive in the WL group. The first posi- 
tive hatch was set 57 days following the start of the experi- 
ment. The lesions produced in the embryos and day-old 
chicks were extensive. Seven intermittent settings were posi- 
tive in the BR group. Slight lesions were observed in the 
BR progeny. 
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TABLE IV 


Chronic respiratory disease transmission studies in mature chickens 
(Experiment 5) 











Items Groups 
Breeds Barred Rocks White Leghorns 
CRD exposure Natural Outbreak Contact Exposure 
No. of birds 50 53 
No. eggs positive/no. cultured 0/238(a) 22/239(a) 
No. positive hatches/no. hatches 7/27(b) 20/27(c) 
No. chicks positive/no. examined 7/1976 43/1784 


No. embryos positive/no. examined 1/288 25/235 





(a) Fresh eggs collected 4 to 6 mos. post contact. 

(b) Positive hatches: 4, 5, 9, 15, 19, 23, 25. 

(c) First positive hatch - Hatch 5 (Eggs set 57 days post contact). 
Negative hatches - 1 to 4, 15, 24, 27. 


Two pedigreed settings of 132 WL and 128 BR eggs, 
collected during the 7th month of the experiment, revealed 
CRD lesions in one embryo and two day-old chicks, the 
progeny of two WL hens. One of these hens had also yielded 
PPLO on culture of fresh eggs at an earlier date. 

A portion of the birds in each of the two pens, group D 
at 514 months and group E at 8 months, were challenged with 
a virulent CRD strain to determine the degree of resistance 
acquired from infection by these birds in comparison with 
susceptible controls of similar age and breed. 

The 32 BR birds from group D and 82 controls were given 
the CRD agent via the sinus and trachea in four concen- 
trations: undiluted, 10-*, 10°, and 10%. The birds were 
sacrificed at the end of a 3-week observation period. Among 
the naturally infected birds, only a few manifested question- 
able signs and lesions of the disease; whereas, all the sus- 
ceptible birds were definitely positive in all dilutions with 
the exception of the 10% dilution in which 7 of 8 birds were 
positive. 

The group E birds, 32 WL and 32 BR, were challenged 
with undiluted material while the 40 susceptible controls, 20 
WL and 20 BR, were inoculated with different dilutions: un- 
diluted and 10° through 10°. The response in these birds 
was similar to those of group D. The end point of infection 
based on signs and lesions in the controls was in the 10° and 


. | 


7 


l- 
is 
n 


TRANSMISSION OF CRD 361 


10° dilutions. One WL hen that had remained serologically 
negative for CRD for 8 months in pen E was also found sus- 
ceptible for CRD on challenge. 

Serology was the main criterion for detection of trans- 
mission in the 40 WR chicks that had been placed in pen D 
with the 53 serologically positive mature birds at the 6th 
month period of the experiment. Negative results were ob- 
tained by serology during the 3-month testing period of these 
birds. However, terminal tests at the time of necropsy re- 
vealed that 7 of the 20 birds held in direct contact were posi- 
tive serologically, 3 were positive for lesions, and 10 birds 
were positive by cultural tests; a total of 11 different birds. 
The indirect contacts, held in the battery, were negative sero- 
logically and only 4 of 20 were positive by culture. The ex- 
periment was terminated before transmission became defi- 
nitely apparent. 

The 53 serologically positive, mature birds from this pen 
were cultured for PPLO in artificial media and examined 
for gross lesions of CRD at the termination of this experi- 
ment. Thirty-one birds were positive on culture and none for 
gross lesions of CRD. 

Experiment 6. The 3500 birds that comprised group A 
were tested serologically for CRD for 13 months by the rapid- 
serum-plate test. A total of 20 doubtful reactors was detected 
by the first three tests: 4, 8, and 8, respectively. Fifteen 
of these reactors that were submitted to the laboratory for 
further cultural tests were found negative. 

The hatchery reported evidence of CRD lesions in prog- 
eny from this flock when the birds were 9 months of age. 
A partial flock test at this time revealed 21 percent reactors. 

The serum-plate test of the 476 birds selected for flock 
replacements at 10 months of age revealed 24 percent re- 
actors. A total of 297 negative birds was retained from this 
group for pedigree hatching of flock replacements. As an 
additional precaution, these birds were placed on an 8-week 
antibiotic regimen of weekly intramuscular injections of 250 
mg of duo-streptomycin sulfate (dihydrostreptomycin sulfate 
and streptomycin sulfate). Hatching eggs were saved one 
week following their first antibiotic injection. 
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At 12 months of age, the second test of the selected birds 
revealed 6 doubtful reactors. These birds were removed from 
the flock. On final test, at 13 months, only 3 doubtful reactors 
were detected among the 237 birds that remained. These birds 
were also removed from the flock. 

Cull chicks and pipped eggs from these 297 birds selected 
from group A were examined for gross lesions of CRD. The 
examination of the first four hatches yielded the following 
results: 91 cull chicks, no lesions; 126 embryos from pipped 
eggs, 3 slight lesions, 2 marked lesions. The examination of 
three hatches, obtained following the removal of reactors de- 
tected by the second retest of these selected birds, gave the 
following results: 58 cull chicks, 1 marked lesion; 73 embryos 
from pipped eggs, 3 slight lesions, 3 marked lesions. The 
results of examination of cull chicks and pipped eggs from 
the last two hatches, obtained following the removal of the 
reactors detected by the final serological test of the selected 
birds, were as follows: 55 cull chicks, 2 slight lesions; 57 
embryos from pipped eggs, no lesions. 

A total of 3303 chickens, progeny of group A, was main- 
tained on the farm as replacements for the following year. 
At 3 to 4 months of age, 1872 birds were tested by the rapid- 
serum-plate test. Three reactors were detected and one of 
these was positive on subsequent cultural tests. The total 
flock test, conducted when the birds were 5 to 7 months of 
age, revealed one doubtful reactor. PPLO was not isolated 
from this bird. No reactors were detected by a final test of 
639 birds at 8 to 10 months of age that were selected to 
produce the flock replacements. The examination of cull 
chicks and pipped eggs obtained from these birds yielded 
negative results. 

The group B birds remained serologically negative for 
CRD during the 12-month period of this study. Cull chicks 
and pipped eggs obtained from this group were negative for 
gross lesions of CRD. 

Experiment 7. In the eight commercial flocks that were 
vaccinated for ND and IB, a random sample of birds was 
serologically tested for CRD at periodic intervals. On pre- 
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vaccination tests, the results were negative in all flocks. Four 
flocks revealed a few CRD reactors at the first postvacci- 
nation test. At the second postvaccination test, all eight flocks 
revealed evidence of CRD. In six flocks, the majority of the 
birds that were tested reacted. Similar results were obtained 
on subsequent tests in these six flocks. The majority of the 
birds tested in the remaining two flocks became positive with- 
in 5 and 7 months, respectively, postvaccination. 

The susceptible controls that were placed in these vacci- 
nated flocks 114 to 4 months postvaccination were tested at 
frequent intervals for serologic evidence of CRD transmission. 
Evidence of CRD was detected in these controls within 1 
to 2 months following placement in the flocks. The majority 
of the controls in seven flocks were positive within 3 to 4 
months following introduction into the respective flocks. In 
the eighth flock, the majority of the control birds did not 
become positive until the 7th month after placement. The 
vaccinates in this flock also showed a slow serological re- 
sponse. 

DISCUSSION 

In experiment 1, the attempt to demonstrate incubator 
and brooder transmission of PPLO from infected to non- 
infected progeny failed. While only limited evidence of CRD 
infection was noted in embryos that failed to hatch and in 
one day-old chick from the positive flock, no further evidence 
of the disease was detected among the progeny that were 
reared from either the positive or negative flocks. Apparent- 
ly the organism can be shed in the egg but its likelihood of 
initiating a generalized flock infection, even when the birds 
are stressed, may not occur in some instances, as was demon- 
strated by these negative results. 

The results of egg transmission of PPLO in a flock in 
which the disease has subsided as compared with a flock 
manifesting an acute outbreak, appear most interesting. The 
transmission was very evident in the embryos from the flock 
that had experienced the more recent infection. In the chicks 
reared from this group, approximately 50 percent manifested 
signs of CRD and essentially 100 percent exhibited lesions, 
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in contrast to questionable evidence in the progeny from the 
flock in which the disease had stabilized. This latter group 
produced results somewhat similar to those obtained in the 
progeny from the positive flock cited in experiment 1. 

In experiment 3, it was again demonstrated that in a 
flock in which the disease has subsided one finds little evi- 
dence of CRD in the embryos or cull chicks, while the chicks 
that are reared appear to be negative even when subjected 
to certain stressing agents. 

The results of experiment 4 are of interest in that the 
elimination of the organism in the progeny hatched from the 
same flock of yearlings as reported in experiment 2 was con- 
siderably less than was observed 6 weeks previously. The 
chicks from this source failed to transmit the disease to chicks 
from a negative flock when hatched in the same incubator. 
It appears that partial recovery of the flock during this 6- 
week period had a definite lowering influence on the egg 
transmission rate of the organism. 

In experiment 5, it was observed that transmission 
through cohabitation occurred without producing generalized 
clinical manifestations of the disease, and that essentially all 
the negative birds developed specific agglutinins within a 
3-month period. Similar findings have also been observed in 
commercial flocks. The infection may spread through a flock 
manifesting little or no clinical evidence of the disease. On 
the other hand, in some flocks the disease may spread rapidly 
with pronounced clinical manifestations as was cited in the 
older birds of experiment 2. 

Cultural results obtained with birds and fresh eggs re- 
vealed that the PPLO was not recovered from all specimens 
even though the birds proved to be consistently serologically 
positive. A much higher percentage of positive cultures was 
obtained from the birds than from the fresh eggs. The large 
number of positive cultures obtained from the negative contact 
birds, 7 days after the start of the experiment, was not ex- 
pected. Some of these cultures were inoculated into embryo- 
nated eggs and typical lesions of CRD were cbserved. Twelve 
months later, approximately 50 percent of the cultures taken 
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from the remaining WL hens yielded PPLO. Relative to the 
fresh eggs cultured, only a small number were found positive 
and were laid by a few WL hens; whereas, none of those cul- 
tured from the BR hens yielded the organism. These results 
are difficult to evaluate considering the variation in the iso- 
lations obtained with the methods used. Similar observations 
have been made by Fabricant et al.5 

Positive evidence of CRD in embryos and chicks was 
found in fewer hatches from the naturally infected group 
than from the contact group. This suggests that the birds 
which had experienced the more recent infection are likely 
to shed the organism more frequently in the egg. However, 
it is equally significant that the naturally infected group also 
was shedding the organism in the egg after having contracted 
the infection more than 12 months previously. These results 
would suggest that the chances of obtaining negative progeny 
from serologically positive flocks might be greater with flocks 
in which the disease has stabilized, than in flocks that have 
experienced a recent infection. Also, it appears that flocks 
with a long history of positive serologic findings should not 
be considered incapable of eliminating the organism through 
the egg or transmitting the infection to negative birds through 
cohabitation. 

The naturally infected hens and the contact WL hens 
both manifested a marked resistance to a challenge inocu- 
lation with a pathogenic PPLO; whereas, the susceptible con- 
trols exhibited typical signs and lesions of the disease. The 
degree of resistance manifested by serologically positive birds 
is difficult to explain since some birds were still capable of 
shedding the organism. Also, flocks found to be serologically 
positive will remain so for many months. The question may be 
raised, what is responsible for the positive serology in these 
birds, since in most cases cultural and other tests fail to 
detect the organism. 

The pattern of transmission of PPLO obtained in the 
commercial breeding flock in experiment 6 was somewhat 
different than observed in previous studies. The birds in- 
vestigated were derived from breeding flocks that revealed 
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a low rate of egg transmission, based upon examination of 
cull chicks and embryos. It was anticipated that the progeny 
from this flock would not reveal CRD infection. The results 
of the serologic tests conducted, two prior to, and one after 
sexual maturity, suggested that the flock might be free of 
PPLO. However, subsequent observations revealed that the 
flock was infected but not to the degree that is frequently 
observed in field flocks. It was evident from these results 
that the infection was of such a nature in the early stages that 
it was not detectable by the test. It is also of interest that 
the random test of birds in all the pens revealed serologic 
evidence of infection. 

It is significant that through continuous serologic testing 
and removal of reactors, a group of breeders was obtained 
that produced a CRD-negative flock. However, it should be 
recognized that this selected group of breeders produced 
PPLO infected eggs, as confirmed by gross CRD lesions in 
a few cull chicks and embryos. Although the final serologic 
test of the selected breeders was essentially negative, the 
hatches obtained after this test still revealed questionable 
evidence of PPLO infection in the cull chicks. The serologic 
testing of the immature progeny from these selected breeders 
revealed only slight evidence of PPLO infection and as the 
birds matured no conclusive evidence of CRD was noted 
either by serologic tests or by examination of cull chicks and 
embryos obtained from the eggs hatched from these birds. 
These results suggest that the establishment of a CRD-nega- 
tive flock from breeders of questionable CRD status may be 
a tedious procedure since the infection may be dormant in the 
progeny and following successive negative serologic tests, the 
disease may later become apparent. However, other investi- 
gations have revealed that once a flock is free of the disease, 
it may remain so for several years and possibly longer. 

The results obtained in experiment 7 reveal that PPLO 
infection was not detectable by serologic test in chicks ap- 
proximately 4 weeks of age. However, after the vaccination 
for ND and IB, evidence of CRD infection did appear. In 
some flocks clinical signs of the disease were noticeable. The 
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results in these field flocks were different than those dis- 
cussed in experiment 6. It appears that when progeny is 
derived from a breeding flock in which the majority of the 
birds are serologically positive that such progeny is apt to 
develop generalized CRD infection following stressing and 
usually before the birds attain sexual maturity. In such flocks 
when CRD-negative stock is introduced after sexual maturity, 
the infection may spread to these birds in one to two months. 
However, there may be exceptions as was pointed out in two 
flocks. This experiment confirms work reported previously 
by Van Roekel et al.'° 

The results reported in experiment 7 and others defi- 
nitely indicate that PPLO is egg-transmitted, and that in 
the majority of flocks the infection does not spread through 
the flock until the birds are 4 weeks or older in age. It is 
recognized that there may be exceptions to this mode of 
spread. However, it should also be pointed out that once 
infection commences to spread within a flock, it may involve 
100 percent of the birds in the flock. Serologic testing in such 
instances is not effective in checking or eliminating the 
disease. 

SUMMARY 

Negative results were obtained from the limited trials 
conducted on incubator and brooder transmission of CRD. 
Transmission by cohabitation was demonstrated in sexually 
mature chickens. 

Egg transmission may be of a higher rate in flocks that 
have had a recent episode with CRD than in flocks in which 
the disease has become stabilized. Pathogenic avian Myco- 
plasma may be recovered more easily from recently infected 
flocks than from flocks manifesting few or no clinical signs 
and a prolonged positive serologic history. A serologically 
positive flock should be considered as a potential source of 
CRD for its progeny. 

Infection may spread within a flock with slight or no 
clinical manifestations. In most flocks, clinical signs are 
usually evident and the entire flock becomes serologically 
positive. However, in some flocks a static level of infection 





368 





O. M. OLESIUK AND H. VAN ROEKEL 


may occur as based on serological findings. In such cases, the 
removal of reactors may be effective in elimination of the 
infection from the flocks. 


Serologically positive birds should not be introduced into 


negative flocks and conversely, serologically negative birds 
should not be introduced into positive flocks. 


6. 


a 
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HATCHERY SANITATION AS A CONTROL 
MEASURE FOR ASPERGILLOSIS IN FOWL* 


By M. L. WRIGHT, G. W. ANDERSON and N. A. EPPS 


Department of Microbiology 
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Guelph, Canada 


ATCHERY sanitation has hitherto been concerned with 
the control of enteric, bacterial and respiratory viral 

pathogens. Recently, however, high mold populations in com- 
mercial egg incubators were reported by Wright, Anderson 
and Epps.? The presence of molds was detected by routine, 
microbial analysis of fluff samples. Moreover, the presence 
of certain molds, particularly Aspergillus spp. often coincided 
with increased embryo mortality and clinical respiratory ail- 
ments, unthriftiness, and increased chick and poult mortality 
within the first 10 days of age. A similar condition was re- 
ported by Eggert and Barnhart*® who noted a predisposition 
to Aspergillus fumigatus in young chicks, the progeny of a 
flock with aspergillosis, which was brooded on wire. 

Concern over the increase in mycotic invasion of older 
fowl has been voiced by Couch? who claims that adminis- 
tration of antibiotics is a major influence on this phenomenon. 
However, this does not explain the reason for this type of 
disease in chicks and poults under 10 days of age nor does 
it relieve the hatchery manager of his sanitary obligations. 
The claim by Watkins® that 10 percent of all deaths in chicks 
under 14 days old are caused by aspergillosis indicates the 
economic importance of this disease. The spores of Aspergillus 
spp. are ubiquitous in their distribution and are present per- 
enially but the presence of large numbers of these spores in 
fluff samples cannot be overlooked, especially since aspergil- 





_* Presented at the 32nd Northeastern Conference on Avian Diseases, 
University of Maine, Orono, June 27-29, 1960. 
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losis is readily transmitted to young fowl by air pollution 
techniques according to O’Meara and Chute.* 

The purpose of this investigation was to assess the sig- 
nificance of Aspergillus fumigatus in hatching compartments. 


MATERIALS AND METHODS 

Experiments were designed to study mold invasion of 
eggs during incubation, mold invasion of embryos, aspergil- 
losis in chicks infected as embryos and aspergillosis in chicks 
exposed to spores during hatching. 

The first experiment was designed to determine if mold 
mycelium could penetrate an egg during ordinary incubation. 
Fifteen dozen fresh chicken eggs were obtained from the De- 
partment of Poultry Science. These eggs were placed in setter 
trays so that alternate eggs were cracked at a point adjacent 
to a sound egg. Before placement in the trays, the cracked 
area of the appropriate eggs was daubed with a cotton swab 
which was rolled in petroleum jelly before dipping it into a 
supply of spores of Aspergillus fumigatus. Twelve additional 
eggs were placed in the trays so that they had no contact with 
cracked eggs. 

Incubation was continuous and samples consisting of six 
cracked and six sound eggs were removed daily for microbial 
examination. They were surface-sterilized, broken out into 
jars and incubated for 3 days at 40C. The cultures were 
examined macroscopically for mold growth. Culture work was 
done in a mold-free cabinet with all the material inside and 
fumigated with 2 ml of formalin and 114 grams of potassium 
permanganate per cubic foot. The effectivity of all aseptic 
techniques was tested and proven adequate. 

Experiment 2 was based on the results of the previous 
experiment. It was designed to allow time for penetration of 
developing embryos by mold mycelium before hatching com- 
menced. Hence, 287 eggs were incubated in a mold free 
atmosphere for the first 10 days. One-half of these eggs was 
from unmated birds because they were to be cracked at the 
time of exposure to spores of Aspergillus fumigatus. Cracked 
eggs were not used if the membranes were ruptured during 
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the cracking process. Exposure was achieved by swabbing the 
cracked area with a suspension of spores and and egg albumen. 
During the incubation, eggs were removed for culture as in 
the first experiment. The remaining eggs were candled at 
transfer time in an effort to detect molds and to remove the 
cracked ones. 


The fertile eggs were transferred to hatching trays and 
isolated by placing them into separate incubators which had 
been fumigated previously. The hatching was arranged so 
that six different groups of chicks were obtained. These 
groups are listed in table 1. 


TABLE I 
The hatching plan for experiment 2 


Group # Treatment 


1 Fertile eggs in contact with 
cracked contaminated eggs from 10th 
day to 19th day of incubation, then 
removed and disinfected before hatching 

2 The same treatment as group 1 except 
that the cracked eggs were not removed 
prior to hatching 

3 Embryos as in group 1 but in addition 
a cracked moldy egg was also placed in 
this hatching compartment 

4* Unexposed embryos until the 19th day, 
when a cracked, moldy egg was placed in 
the hatching compartment with them 


5* Normal unexposed chicks placed in the 
battery brooder along with a cracked 
moldy egg 

6* Healthy, unexposed control group 





* The eggs ‘for groups 4, 5 and 6 were incubated in machines in a 
separate building 


The chicks which were produced in the six groups were 
placed in electrically heated battery brooders with 14 inch 
wire mesh floors. Each battery brooder was placed into a 
cage constructed of wooden framework covered by clear 
plastic sheeting. One end was removable and contained two 
ventilation openings 8 x 20 inches which contained cotton 
filters (figure 1). Feed and water could be added from the 
outside so that the isolation of each group could be maintained 
throughout the experimental period. The cages were not 











372 M. L. WRIGHT, G. W. ANDERSON AND N. A. EPPS 


opened to remove the dead birds. At the end of 9 days’ 
brooding, the birds were all killed and weighed. Samples of 
the feces from all cages were collected and examined for 
Aspergillus. 
RESULTS 

In the first experiment, mold penetration of eggs occurred 
within 10 days in an egg incubator after the eggs had been 
contaminated with spores of Aspergillus fumigatus mixed in 
petroleum jelly. Penetration of cracked eggs was demon- 
strable in this experiment one day sooner than in sound eggs. 
The entry of molds into the interior of eggs was enhanced 





Fig. 1. Isolation units constructed of wood and plastic sheeting. 


by cracking the shells before they were inoculated as shown 
by the presence of 76 and 20 mold infected eggs in the 
eracked and sound groups respectively. After 21 days’ ex- 
posure of eggs to spores, extreme moldy conditions resulted 
whereby conidia could be poured from the air cell when opened 
(figure 2). The results of this experiment are presented in 
table 2. 

In the second experiment, the first mold infected egg 
was detected in cracked and sound eggs on the 4th day and 
5th day respectively, following surface contamination of the 
cracked area. This was 6 days less than the time required for 
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TABLE II 


Daily cultural examinations of cracked and sound eggs after 
contamination with spore-petroleum jelly mixture _ 








#Evggs infected over # eggs examined 





# Days 
incubation cracked sound 
10* 3/6 0/6 
11 6/6 2/6 
12 4/6 1/6 
13 6/6 2/6 
14 6/6 0/6 
15 5/6 0/6 
16 6/6 0/6 
17 6/6 1/6 
18 6/6 0/6 
19 5/6 0/6 
20 6/6 0/6 o 
21 17/19 14/17(8/12) 
Totals 76/85 20/83(8/12) 





* no infected eggs prior to 10 days’ incubation 
** these eggs were not in contact with cracked eggs 





Fig. 2. Conida poured from a cracked moldy egg 
21 days after surface contamination. 


penetration by the mold in the first experiment. The shorter 
time required for penetration may be related to the materials 
used to bind the spores to the egg, petroleum jelly and egg 
albumen. In this experiment, cracks in the shells of eggs 
also enhanced the penetration by molds but sound shells, on 
the other hand, did not exclude them completely. These re- 
sults of daily cultural examinations of six eggs from each 
group following contamination are presented in table 38. 
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TABLE III 


Isolation of A. fumigatus from egg contents removed daily from an 
egg incubator 





Eggs infected/Egg’s examined 





Days Days after 





incubated contamination cracked sound 
11 1 0/6 0/6 
12 2 0/6 0/6 
13 3 0/6 0/6 
14 4 1/6 0/6 
15 5 2/6 2/6 
16 6 2/6 1/6 
17 7 0/6 0/6 
18 8 5/6 3/6 
19 9 70/101 0/90* 








° 90 eggs transferred to hatching compartments 





Fig. 3. Microphotograph of exudate from interclavicular air sac 
x 100. 


On the 19th day of incubation, 90 eggs were transferred 
to hatching compartments. Sixty-seven chicks hatched accord- 
ing to the plan presented in table 1. One of the chicks was 
late hatching and was not included in the brooding experiment 
but was killed and examined. A. fumigatus was isolated from 
the lungs of this chick and what appeared to be mycelium 
could be seen in smears of exudate from the interclavicular 
air sac. A microphotograph of this material is presented in 
figure 3. 
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Chicks which had been hatched in a mold-free incubator 
were marked and mixed with those that had been exposed to 
molds in order to ascertain whether transmission would occur 
during hatching and brooding. Isolation cages were arranged 
to contain chicks according to the plan in table 4. There was 
a considerable variation in the number of chicks which hatched 
from the exposed embryos. This accounts for the difference in 
the number of birds placed in each cage. 


TABLE 4 


Arrangement of chicks in isolation cages 


Cage = # Chicks per cage* Method of exposure to 4. fumigatus 


1 13/18 Embryonating eggs having 9 days’ 
contact with cracked, contaminated 
eggs then hatched in a mold free 
atmosphere 

2 9/9 Same as cage 1 except the cracked 
contaminated eggs were also placed 
in the hatcher 

3 8/15 Same as cage 1 except an opened 
moldy egg was also placed in the 
hatcher 

4 7/24 Embryos were unexposed until 19th 
day when they were placed in a 
hatcher with moldy egg similar 
to cage 3 

5 22/- Normal unexposed chicks placed 
in the isolation cage with a 
moldy egg similar to cage 3 

6 22/- Healthy unexposed controls 








* Normal chicks/exposed during hatching 


The cages were sealed after the chicks were placed in 
them. They were not opened during the 9-day brooding 
period, hence dead chicks could not be removed for cultural 
determinations. Clinical symptoms such as laboured breath- 
ing, flicking the head and gasping preceded death in most 
cases. Anal pasting was first noted at 5 days of age which 
is in accord with results reported by Eggert and Barnhart.® 

At the end of the 9-day brooding period, all survivors 
were killed by asphyxiation with carbon dioxide, weighed and 
cultured. These data along with the daily mortality figures are 
presented in tables 5 and 6. 
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TABLE V 


Mortality and isolation data for chicks exposed to A. fumigatus as 
embryos and chicks 




















Cage # 1 2 3 4 5 6 
Temperature F. 98 98 93 93 93 93 
Age in days : Mortality 
1 2 0 0 0 0 0 
2 0 0 0 0 0 0 
3 0 0 0 2 0 0 
4 0 1 1 4 0 0 
5 0 1 2 5 2 0 
6 0 0 3 0 1 1 
7 1 0 3 0 0 0 
8 0 1 1 3 1 0 
9 0 0 0 3 0 1 
Totals* 1/2 0/3 2/8 0/17 4/- 2/- 
Isolations* 1/1 2/1 1/3 4/4 5/- 0 
Chicks per 13/18 9/9 8/15 7/24 22/- 22/- 
cage* 


* number of normal chicks over the number exposed ones when brood- 
ing commenced. 


TABLE VI 
Weight and morbidity of chicks nine days of age 


ke 





Cage # 1 2 3 4 5 6 
# Survivors* 12/16 9/6 6/7 7/7 18/- 20/- 
Av. wt. of 103.3 79.8 92.7 96.6 80.3 95.6 
normals 
Av. wt. of 86.7 73.8 60.0 66.6 _ — 
exposed 
Total morbidity** 16.1 33.3 65.2 80.6 40.9 9.0 


* normal/exposed, see table 1 
** no. dead plus no. with mold infected lungs in per cent. 
*** exposed to spores in brooder 


In the analysis of the data presented in table 6, total 
morbidity represents the number of chicks which died during 
brooding plus the number of chicks from which A. fumigatus 
was isolated at the end of the experiment. It was stated earlier 
that the cages were not opened during the brooding period 
in an effort to prevent cross-infection between groups, hence, 
it was impossible to remove the dead ones. The highest mor- 
tality was experienced in cages 3 and 4 which included chicks 
hatched from embryos incubated both with and without 
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contact with cracked contaminated eggs. Both groups of chicks 
in these two cages were hatched in a compartment contain- 
ing a moldy egg which had been broken open. While it is 
quite likely that some of the infection in group 3 may have 
occurred in the embryonic stage, it is quite evident that 
infection occurred during hatching as evidenced in the mor- 
tality in the individuals brooded in cage 4. The first ex- 
posure of this group to the mold was an opened moldy egg 
placed with them on the tray of the hatcher. Admittedly con- 
finement was more precisé in the hatching tray than in the 
brooder and therefore could have caused greater exposure 
of individuals to spores. On the other hand, there may be a 
considerable increase in resistance to infection among chicks 
during the first few hours after hatching. This is indicated 
by the fact that four of seven normal contacts with infected 
chicks yielded A. fumigatus upon culture of the lungs while 
the mold was only recovered from five out of 22 normal chicks 
brooded with a moldy egg in cage 5. The fact that a milder 
infection may have occurred in cage 5 resulting in spontaneous 
remissions should not be overlooked. If this does occur, it 
is further evidence that resistance to infection may increase 
in the first few hours after chicks are hatched. 

It is impossible to calculate the effect of the’ higher 
temperature on the morbidity in cages 1 and 2. However it 
does establish the fact that embryos infected with A. fumi- 
gatus do hatch. The extent to which such embryos become 
infected with molds would be a function of the physical factors 
affecting sanitation surrounding the egg during incubation. 


DISCUSSION 

Since it has been shown that embryos become infected 
during incubation and since chicks are very susceptible to 
invasion by A. fumigatus during the hatching period, it is 
very important that this mold be prevented from achieving 
high spore “populations” in incubators. Fumigation of 
hatchers as outlined by Wright and Epps® is an aid 
although not a complete control for this situation. Everything 
possible should be done to prevent mold growth and thereby 
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reduce the number of spores released in the entire hatchery 
building. Moreover, it is also necessary to prevent spores 
of molds from accumulating in any part of the hatchery and 
equipment. This is necessary because the spores of A. fumi- 
gatus have remained viable at room temperature for at least 
18 months in hatchery dust. 

Furthermore, the invasion of the respiratory tract may 
not be the most serious aspect in the transmission of asper- 
gillosis by hatcheries. Imprints of live chicks as they are 
removed from infected hatching compartments revealed that 
the exterior of the chicks was grossly contaminated by spores. 
This could lead to contamination of equipment and brooder 
pens. The contamination of litter by this means may be more 
serious than realized. Heretofore, litter has been labelled as 
the source of infection in most cases of aspergillosis as shown 
by the comprehensive review of the literature by Chute and 
O’Meara.! Results of these experiments indicate the im- 
portance of hatchery sanitation in the prevention of the 
contamination of chicks which may subsequently infect the 
litter. 

As a result of the knowledge gained through these and 
other experiments, a number of recommendations are made 
in an effort to control transmission of aspergillosis and 
possibly other similar mycotic infections by hatcheries. These 
recommendations are by no means exhaustive but are in- 
tended rather to guide the formulation of practical plans. 

1. Only clean eggs should be set and the setters kept clean 
at all times. 

2. Avoid setting cracked eggs and unnecessary cracking 
should be prevented during incubation. 

8. Cracked eggs should be removed at transfer time and if 

any moldy ones are seen the adjacent eggs should also be 

removed. 

Moldy eggs should not be broken open in the hatchery. 

The general atmosphere of the hatchery should be kept 

scrupulously clean at all times. 

6. Adequate microbiological techniques should be used to 
determine the sanitary status of a hatchery rather than 

visual methods. 


> 
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7. Sanitary requirements for hatcheries should be more 
realistic and be aimed at the control of mold as well as 
bacterial and viral populations. 
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CONCLUSION 
Aspergillosis in fowl is becoming an important factor in 
the economy of poultry production in this country as a result 
of recognized and obscure losses. Under experimental con- 
ditions, penetration of sound and cracked eggs by Aspergil- 
lus fumigatus occurred in the incubator. Transmission of the 
disease occurred during hatching. To minimize losses from the 
disease, more effective control over the sanitation of com- 
merical hatcheries is recommended. 
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EASTERN VIRAL ENCEPHALOMYELITIS 
IN CHUKAR (ALECTORIS GRAECA) 


By IRWIN M. MOULTHROP and BETTY ANNE GORDY 


Maryland Livestock Santiary Service Leboratory 
Salisbury, Maryland 


ASTERN viral encephalomyelitis, formerly eastern 

equine encephalomyelitis, has been reported many times 
in horses, man, and various species of birds. Most species 
of birds have been infected experimentally and outbreaks have 
been reported in many types of wild birds. The principal 
vector is the mosquito. Many natural outbreaks of the ar- 
thropod-borne disease have been reported in pheasants, how- 
ever, no mention is made of the chukar. Culiseta melanura 
and other species of mosquito known to be vectors have been 
found in our general area. 

Beaudette and Black,! Beaudette and Hudson,? Van 
Roekel and Clark,’ Simpson, Lewis, and Jaquette® reported 
natural outbreaks in pheasants reared on game farms. Kis- 
sling, et al.» reported the isolation of eastern viral encephalo- 
myelitis virus from the blood of the purple grackle. Fother- 
gill and Dingle,* as well as others, reported that a fatal dis- 
ease of pigeons proved to be eastern viral encephalomyelitis. 

This virus disease was diagnosed in horses on the Del- 
Mar-Va peninsula during the late summer and early fall of 
1959. Twenty or more cases were reported from farms near 
the marshy areas of Wicomico, Worcester, and Somerset 
counties. 

During the middle of September four 8-week-old chukar 
chicks were presented to the laboratory with a history of a 
disease of sudden onset and with sudden deaths. These chicks 
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were hatched from breeders reared on the same farm the 
previous year. These adults had no history of disease that 
could be observed by the caretaker. 

The birds were reared in pens with wire floors. All pens 
were raised about two feet above the ground. There were four 
pens of chukar chicks within a few yards of each other. Each 
pen consisted of an entire hatch. There were four groups, 
each hatched at a different time. The pens were within a 
few hundred yards of a fresh water stream that had numerous 
stagnant pools along its course that could make excellent 
breeding areas for arthropods, the vectors of eastern viral 
encephalomyelitis. 

Only one pen of 100 chicks was involved in this outbreak. 
The other three pens failed to develop symptoms or mortality 
at that time or since. There were 700 quail reared on wire 
platforms in the same manner as the chukar. The quail pens 
were dispersed among the chukar pens, some adjacent to the 
pen of the sick chukars. No evidence of eastern viral enceph- 
alomyelitis was detected in these birds. 

The first change observed by the caretaker was a bleach- 
ing out of the beaks and legs. The legs and beaks lost their 
shiny, glistening appearance. Next the birds appeared dull 
and listless. There was inappetance in the affected pen. Soon 
the birds fell over backward, much like “crazy chick dis- 
ease” in chicks and later became completely prostrate. There 
was a marked contrast between the affected and unaffected 
pens. 

Two birds died on the day symptoms were first observed. 
Mortality increased rapidly until a peak of 20 per day was 
reached on the 4th day after the onset and ceased com- 
pletely 3 days following the peak. A 40 percent mortality 
occurred during the 7 days in which losses occurred. 

Standard procedure used for poultry necropsy was 
carried out when these birds were presented to the laboratory. 
Bacteriological and parasitological examinations were nega- 
tive. Since there were nervous symptoms in the live birds, 
brain tissue was collected for viral examination. 

The tissue collected was ground and treated with 10,000 
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units of penicillin and 25 mg of streptomycin per ml and 
inoculated into the allantoic cavity of five 9-day-old chick 
embryos. The only embryo death occurred at the end of 48 
hours post inoculation time. Material from this embryo was 
harvested and injected into a second series of eggs with no 
embryo mortality. No gross pathology was observed when the 
remaining embryos were examined. 

Another sample of the brain emulsion was injected intra- 
cerebrally into young white mice all of which died within 48 
hours. Brains from the mice were harvested and filtered with 
a Swinney type filter. This filtrate was injected subcutaneous- 
ly into five one-day-old chicks. These chicks developed 
nervous symptoms and died within 48 hours. This is quite 
characteristic of eastern viral encephalomyelitis. Part of the 
mouse brain filtrate was injected into young mice subcu- 
taneously. These mice developed nervous symptoms with 100 
percent mortality within 56 hours. 

Samples of the original brain material, as well as parts of 
the other materials, were frozen and submitted to the Grayson 
Laboratory, where Dr. Frank Hetrick, Department of Veter- 
inary Science and Microbiology, University of Maryland, 
identified the virus as that of eastern viral encephalomyelitis. 
This identification was made by the standard methods of 
serological typing. 

The flock was visited seven weeks after the disease had 
occurred to see what effect it had had on the birds. The birds 
in the affected pen had been through a severe body molt 
that had started while the disease was in progress. Growth 
had been very severely affected since birds in the affected 
pen were much smaller than those in the unaffected groups. 

At the same time, sera was collected from six birds from 
the affected pen. These birds had hemagglutination-inhibition 
titres ranging from 1/40 through 1/1280-+-. These titres are 
quite in agreement with titres produced in birds that have 
been artificially infected for about the same period of time. 
A hemagglutination-inhibition titre of 1/10 is an indication of 
exposure to eastern viral encephalomyelitis.’ 
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SUMMARY 
The virus of eastern viral encephalomyelitis was isolated 


from a group of chukar partridge reared on a game farm. 


Only birds in one of four pens developed symptoms of the 


disease. 


There was a 40 percent mortality in the affected pen. 
Growth was inhibited in the affected group. 
Hemagglutination-inhibition titres seven weeks after the 


outbreak indicated exposure to eastern viral encephalomye- 
litis. 
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SOME OBSERVATIONS OF THE 

PROPAGATION OF INFECTIOUS 

LARYNGOTRACHEITIS VIRUS 
IN TISSUE CULTURET 


By P. W. CHANG, V. J. YATES, A. H. DARDIRI, and D. E. FRY 


Department of Animal Pathology 
University of Rhode Island 
Kingston, Rhode Island 


HE virus of infectious laryngotracheitis (LT) produced 

cytopathogenic effect (CPE) and plaques in chick-embryo 
fibroblast and respiratory epithelium. However, Buthala, 
et al. was unable to find CPE with LT virus in chick-embryo 
kidney cells, although the virus proliferated in the cell culture. 

The present study had three objectives: 1. to study the 
effect of LT virus in chick-embryo kidney cells and its ability 
to produce CPE and plaques, 2. to attempt the isolation of 
the virus by plaque method from chickens artificially or na- 
turally infected with LT virus, 3. to study the differences 
between plaques formed by LT virus, chick-embryo-lethal- 
orphan (CELO) virus and Newcastle disease (ND) virus. 


MATERIALS AND METHODS 
Virus strains. Three strains of LT virus, one strain of 
ND virus and one strain of CELO virus were used. All were 
obtained from the source indicated, and were received in 
allantoamnionic fluid. All were propagated in 10 or 11-day- 
old chick embryos. 
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Infectious laryngotracheitis virus. All LT virus strains 
were chick embryo adapted live vaccines. They were passed 
twice in chick embryos before use in tissue culture. They 
were Vineland, DPL and ASL, obtained from Vineland Lab- 
oratory, Vineland, New Jersey; Delaware Poultry Labora- 
tory, Millsboro, Delaware and American Scientific Laboratory, 
Madison, Wisconsin, respectively. 

Newcastle disease virus. The strain of ND virus used 
was GB Texas, 1948.7 

Chicken-embryo-lethal-orphan virus. The Phelp strain 
of CELO virus'' used in this study was obtained from Dr. 
Vance J. Yates, Chairman, Department of Animal Pathology, 
University of Rhode Island, (URI) Kingston, Rhode Island. 

Preparation of cell culture. The procedure used in the 
preparation of cell cultures was a modification of the method 
of Younger! for growing monolayer monkey kidney tissue. 
Kidneys were removed aseptically from 20 day old chick em- 
bryos, washed in phosphate-buffered saline’® (PBS) and 
trypsinized with warmed (37 C) 0.25 percent trypsin for 
one hour. The cell suspension was centrifuged for 10 minutes 
at 1000 rpm. The packed cells were resuspended in growth 
medium which consisted of Hank’s basic salt solution (HBSS) 
enriched with 0.5 percent lactalbumin hydrolysate, five percent 
calf serum, 0.5 percent of 7.5 percent sodium bicarbonate and 
one percent penicillin-streptomycin solution (P-S). This P-S 
solution contained 10,000 units of penicillin and 10,000 meg of 
streptomycin per ml, After a second round of centrifugation 
and decantation, the cells were resuspended in growth med- 
ium at the rate of 1.0 ml of packed cell to 100 ml of medium. 
This cell suspension was filtered through two layers of 
sterile gauze. A cell count was made with a hemacytometer 
and growth medium was added to make the final cell con- 
centration of 500,000 to 700,000 per ml. 

The final suspension was distributed in 2.0 ml amounts 
in Leighton tubes and in 9.0 ml amounts in three ounce 
prescription bottles. Tubes and bottles were sealed with 
white rubber stoppers. At the end of the second or third day, 
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the growth medium was removed and replaced with fresh 
medium. A continuous sheet of cells appeared on the third 
or fourth day and it was then ready for seeding of the virus. 

Immune and normal sera. Normal serum was obtained 
from six-week-old chickens which had been kept in isolation 
since hatching and which had shown no respiratory symptoms 
during that period. Immune serum against infectious bron- 
chitis (IB) virus was obtained from twelve-week-old chick- 
ens. These birds were inoculated intratracheally at 8 weeks of 
age with 2 < 10* embryo lethal doses of Van 8 (repository 
#41) strain of IB virus. This IB strain was described by 
Chang.* The birds showed respiratory symptoms two days 
after inoculation and were kept in isolation until bled. 

The LT anti-serum was prepared in rabbits using the 
Vineland virus. The rabbits were inoculated intravenously 
with 0.25 ml of the virus in allantoamnionic fluid every 3rd 
day and were bled 2 weeks after the fourth inoculation. 

Immune serum for ND virus came from the URI Animal 
Pathology Department’s stock preparation, obtained from 
chickens that survived an artificial challenge of GB Texas 
ND virus. Immune serum for CELO virus was obtained from 
Dr. Vance J. Yates. The serum was prepared in rabbits. 

Plaque method — Agar overlay technique. The agar 
overlay technique was that described by Hsiung and Melnick.*® 
When the cells in the bottles had grown into a complete mono- 
layer, the nutrient fluid was removed. Virus samples in 0.2 ml 
amounts of serial tenfold dilutions were introduced into each 
bottle. Three or five bottles were inoculated for each dilution. 
The inoculated bottles were then incubated at 37 C for one 
hour after which 9.0 ml of overlay agar medium was added 
to cover the cell sheet. This medium contained HBSS with 
1.5 percent agar, 5 percent calf serum, 0.5 percent lactal- 
bumin hydrolysate, 0.0025 percent neutral red, 0.07 percent 
NaHCO, and 1 percent P-S. After the agar had solidified 
the bottles were turned over and incubated at 37 C. Observa- 
tion of the bottles for plaques was made daily over a fluor- 
escent illuminator. 
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Experimental procedures. Cytopathogenicity. All strains 
of LT virus were tested by inoculating 1.0 ml of allanto- 
amnionic fluid into each bottle of embryo kidney cell culture 
and 0.1 ml into each Leighton tube. Tubes and bottles were 
examined daily. 

Primary isolation with plaque method. Three samples 
of tracheal exudates in nutrient broth were obtained from 
the diagnostic laboratory, Department of Animal Pathology, 
University of Rhode Island. Each sample was collected from 
birds with a natural outbreak of LT disease. The diagnosis 
of LT disease was based upon history, post mortem lesions 
and lesions produced in embryonated eggs. Six susceptible 
Rhode Island Red chickens, 16 weeks of age, were used for 
each strain of LT virus. The six birds for one strain were 
divided into two groups. Group 1 was inoculated intratrache- 
ally with 0.3 ml of virus infected allantoamnionic fluid. 
Group 2 was given no virus and was placed in direct contact 
with the inoculated birds. Seventy-two hours after inoculation, 
all birds were killed, and their tracheas were removed and 
opened aseptically. The tracheal exudate of each bird was 
harvested with a sterile cotton swab and placed in a tube 
containing 3.0 ml of nutrient broth. Tracheal exudates of 
each group were pooled and stored in a deep freeze at -10 C 
until used. 

At the time of inoculation, the tracheal exudates were 
thawed, and 0.5 ml of each sample was added to 1.0 ml of 
P-S and 3.5 ml of PBS. This constituted the 10° dilution. 
Further tenfold dilutions were made with PBS. These were 
inoculated in bottles and overlaid as already described. 

Virus neutralization test. One half of a ml of undiluted 
heat inactivated serum, which was either made up of normal, 
anti-LT, anti-ND, anti-IB or anti-CELO immune serum was 
mixed with 0.5 ml of P-S and 1.0 ml of LT virus (DPL strain). 
The LT virus contained at least 2 x 10? plaque forming units. 
The mixture was incubated at 37 C for 30 minutes and 0.2 ml 
of the mixture was inoculated into each bottle to be overlaid. 
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RESULTS 

Cytopathogenic effect and plaque production of LT virus 
on embryo kidney cells. Of the three strains of LT virus, 
all produced CPE on the first passage in embryo kidney cells. 
The CPE developed within 24 to 48 hours after inoculation. 
In 48 hours after inoculation, most of the sheet of cells had 
shrunk and disappeared. Round cells which had lost their 
cytoplasm were located in clusters around the periphery of 
the sheet of cells. There were many dead cells floating in the 
medium. 

Plaques were also produced by all three strains of LT 
virus. The rate of growth and morphology of plaques were in- 
distinguishable among the three strains. Approximately 72 
hours after inoculation, indistinct, pin point areas appeared 
on the sheet of stained cells. After 96 hours, these spots 
enlarged and appeared as circumscribed round dots. Their 
diameter measured less than one mm. At this time, the 
plaques could be recognized and counted. The titer of plaque 
forming units (PFU) of LT virus from undiluted allanto- 
amnionic fluid, usually reached 10‘. The plaques increased 
in size, reaching a diameter of 2-3 mm on the 8th day and 3-4 
mm on the 12th day. The edge of the plaques also became 
irregular resulting in indistinct boundaries. 

Primary isolation. Primary isolation from birds inocu- 
lated with three strains of LT virus was successful. Plaques 
appeared 96 hours after seeding with the ASL and DPL 
viruses and 120 hours after seeding with Vineland virus. 
The titers of PFU of the viruses from the tracheal exudated 
were approximately 10° with ASL, 10‘ with DPL and 10° 
with Vineland. From the contact birds only Vineland Strain 
produced plaques with a titer 10’. 

Similarly, plaques were produced from all three tracheal 
exudates from birds naturally infected with LT disease. 
Plaques appeared on the 4th or 5th day after inoculation. 
There were no differences between the plaque morphology 
of the three isolates. 

Virus neutralization test. The ability of the LT virus to 
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produce plaques was neutralized by anti-LT serum. This 
neutralization was not seen when normal, anti-ND, anti- 
CELO or anti-IB serums were used. 

Differences were found between the plaques produced by 
LT, CELO and ND virus as shown in table I. 


TABLE I 


Differences in plaques formed by infectious laryngotracheitis virus, 
CELO virus and Newcastle disease virus 


Days plaques Size of 12th 








first appear day after 

Virus after inoculation inoculation Boundary 

Infectious es 

laryngotracheitis 8-4 3 -4mm Irregular 

virus indistinct 

CELO virus 5 - 6 1 - 2 mm Sharp 
distinct 

Newcastle disease =i 

virus 2 6 - 7 mm Distinct 

DISCUSSION 


The plaque ‘ormation of LT virus provides a practical 
method in the identification and titration of the virus. Since 
differences in rate of growth, morphology and size of plaque, 
formed by LT, ND and CELO viruses, do exist, a differential 
test by this method is practical. The LT virus was isolated 
directly from artificially or naturally infected birds by the 
plaque method, demonstrating the possibility of using this 
method in primary isolation. 

Strains within a single type of virus may differ in their 
plaque producing capacity. This has been shown by Granoff’, 
Hsiung et al.° and Henderson et al.? Further study of plaque 
formation by various strains of LT viruses is indicated. 
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SUMMARY 
1. Cytopathogenic effect and plaques in chick-embryo 


kidney cells were produced by three strains of infectious 
laryngotracheitis (LT) virus. 


2. The ability of the LT virus to produce plaques was 


neutralized by specific anti-LT serum. 


3. Plaque method could be used in primary isolation 


from birds artificially or naturally infected wtih LT virus. 


4. Differences in rate of growth, morphology and size 


were found in plaques formed by LT, chick-embryo-lethal- 
orphan (CELO) and Newcastle disease viruses. 
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A BACTERIAL AGENT CAUSING BLUECOMB 
DISEASE IN TURKEYS 
1. ISOLATION AND PRELIMINARY 
LABORATORY INVESTIGATIONS 
By R. B. TRUSCOTT, M. C. CONNELL, A. E. FERGUSON, 


and C. G. WILLS 


Department of Pathology and Bacteriology 
Ontario Veterinary College, Guelph, Ontario, Canada 


LUECOMB disease of turkeys is a condition affecting 

turkeys of all ages which has as its chief characteristic 
a catarrhal enteritis and which presents no pathognomonic 
features. Usually a diagnosis is based on history, post-mortem 
observations and the absence of known bacterial pathogens or 
protozoa. The clinical features and gross pathology of the 
disease have been described by Pomeroy and Sieburth.? 
Sieburth and Johnson*® have proposed that this condition be 
called transmissible enteritis of turkeys. A filterable agent 
has been reported as the cause of the disease by Tumlin et al.* 
and by Sieburth and Johnson.’ 

A disease which in all essential respects conforms with 
the clinical and pathological picture described by the above 
workers, and which we regard as bluecomb disease, was a 
relatively minor problem in adult flocks of Ontario turkeys 
until recently. However, during the brooding season of 1959 
the disease was diagnosed in young poults. Subsequently, sev- 
eral hatcheries were affected and the problem became the most 
serious one affecting young poults in this province. The present 
study was designed to characterize the agent responsible for 


Portions of this paper were presented at the 32nd Northeastern 
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the disease as it occurs in Ontario and the following report 
will describe the isolation and some of the cultural charac- 
teristics of a small, Gram-negative, anaerobic bacterium 
which, when administered to susceptible poults, reproduces 
the disease. 

Initially, several groups of turkey poults originating 
from one hatchery were submitted to the diagnostic labora- 
tory for examination. There was a history of inappetence, 
decreased water intake and a tendency to huddle close to the 
heat. Post-mortem examination revealed the intestines to be 
distended with watery, gaseous material. The ceca were en- 
larged and contained light brown, foamy fluid. In many cases, 
the gizzards contained only litter. Microscopic examination 
of sections of intestine stained with hematoxylin and eosin 
revealed a catarrhal enteritis. Mortality ranged from 10 to 
15 percent depending on the age of the birds. 

Routine bacteriological culture techniques failed to re- 
veal bacteria of probable significance. Intestinal scrapings 
were negative for protozoa. Transmission of the condition to 
healthy poults was readily accomplished by the oral adminis- 
tration of a crude suspension prepared from the intestines of 
diseased birds. A clinical diagnosis of transmissible enteritis 
was made, and the following studies were commenced. 


EXPERIMENTAL PROCEDURES 

The poults used for transmission experiments through- 
out this study were from a hatchery known to be clinically 
free of enteritis. Serial blind passages of intestinal suspensions 
prepared from control groups of these birds and administered 
orally to successive groups provided evidence that birds orig- 
inating in this hatchery were not latent carriers of the con- 
dition. 

Transmission in poults. In order to establish that the con- 
dition was experimentally transmissible, intestine taken from 
field cases was treated as follows: a 20 percent suspension of 
intestines and their contents was prepared in tryptose phos- 
phate broth by milling in a Waring Blendor for 2 minutes. 
The suspension was centrifuged for one half hour at 3800 
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rpm and the supernatant was used as inoculum. The same 
procedure was followed in all subsequent preparations of in- 
testinal suspensions for bird to bird transmission experiments. 

Each of ten, one-day-old poults received 1.0 ml of the 
supernatant administered into the crop with an 18 gauge 
teat cannula. Four poults were sacrificed at 7 days of age and 
the remainder at 14 days of age. No significant gross signs 
of the disease were found, but an intestinal suspension was 
prepared from the four poults which had been sacrificed at 
7 days of age and this was used to inoculate twenty, day-old 
poults. There were single deaths in this group on the 4th, 5th, 
7th, 8th and 10th days after inoculation. On post-mortem ex- 
amination, portions of the intestines of these poults were seen 
to be distended and contained watery, gaseous material. The 
remaining 15 birds were sacrificed at 2 weeks and six of them 
showed similar signs. 

Similarly, ten, one-day-old poults were inoculated as 
above for a third serial passage. One poult died in 7 days 
and one died 9 days after inoculation. The remainder were 
sacrificed at 19 days and those intestines which showed 
lesions were used to prepare an inoculum for the fourth pass- 
age in which 24, day-old poults were inoculated. The first 
death occurred at 3 days and all but one were dead by the 
9th day. Lesions were the same as those described above. 

Subsequent passages resulted in mortality which began 
on the second day following inoculation and usually reached 
100 percent by the 10th day. Intestines showing typical lesions 
and frozen at -20 C have been found capable of producing 
clinical signs, mortality and lesions when administered to 
poults after a storage period of 7 months. 

Propagation in chick embryos. Intestines taken from the 
10th serial passage in poults were used in an attempt to pro- 
pagate the causative agent in embryonated eggs. Small por- 
tions of affected intestines from several birds, totalling 
approximately 8 cm in length, were cut into small fragments 
and gently shaken in 20 ml of tryptose phosphate broth. In 
order to avoid the use of antibiotics, attempts were made to 
render the suspensions bacteria-free by filtration through 
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Millipore filters. Difficulty was experienced passing the crude 
suspension through the fine filters. A procedure found satis- 
factory was that of serially passing the filtrate through mem- 
branes of graded porosity starting with Millipore membrane 
filters of pore size 1.2 » and proceeding through 800 my, 650 
mp and 450 mu. The final filtrate was used to inoculate six- 
day embryonated eggs by the yolk sac route. Each embryo 
received 0.2 ml. The embryo mortality of this and four suc- 
cessive passages is shown in table I. The agent has been 
passed a further 19 times by the yolk sac route with essen- 
tially the same mortality pattern. 

Titrations in chick embryos by the yolk sac route showed 
that infective yolk had an embryo LD,, of 10° and that the 
embryo LD,, of allantoic fluid and embryo liver was less 
than 1071. 

TABLE I 


Embryo mortality 











embrvos Embrvo deaths 
inoculated Days vost inoculation 
Passage (via volk sac) Inoculum 1 2 3 4 6 6 
1 10 Intestinal filtrate 1 1 4 8 1 
2 10 Yolk from passage #1 ‘ 8.@ 
3 9 Yolk from passage #2 1 5 2 1 
4 Yolk from passage #3 283: 1 
5 Yolk from passage #4 : ss 


Filterability. Several experiments using Millipore mem- 
brane filters were carried out. Infective yolk was diluted 
with an equal quantity of tryptose phosphate broth and suc- 
cessively passed through filters of pore size 1.2 », 800 mz, 
650 mp, 450 mp» and 300 my». The integrity of the 450 mz 
and 300 my» filters was checked by attempting to pass Serratia 
marcescens through them and subculturing the filtrate in 
fresh broth. The unfiltered mixture and the filtrates from the 
450 mp» and the 300 mz filtration were used for inoculation 
of chick embryos by the yolk sac route. In one experiment 
a Seitz EK filtrate was also tested. 

In most filtration experiments, embryo mortality, fol- 
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lowing inoculation with yolk filtered through the 450 myz 
filter, was delayed 2 to 4 days in comparison with mortality 
in embryos given unfiltered yolk, but ultimately, mortality 
in the groups reached about the same level. There were no 
specific deaths in chick embryos receiving filtrates passed 
through the 300 mz filter. There was no embryo mortality 
in the one instance where the Seitz EK filtrate was used as an 
inoculum. 

Antibiotic sensitivity. Chemotherapeutic agents were 
tested at various levels in chick embryos for activity against 
the agent. The following final concentrations were used: 

Penicillin 1000 units per ml plus streptomycin 1 mg 
per ml. 

Penicillin 1,000 units per ml. 

Streptomycin 1 mg per ml. 

Achromycin 50 ug, 100 »g, 1 mg and 5 mg per ml. 

Chloromycetin 5 mg per ml. 

Erythromycin 5 and 25 mg per ml. 

Spontin 1, 5 and 25 mg per ml. 

Neomycin 500 ug, 1 mg and 5 mg per ml. 

Dilutions of the drugs were prepared in tryptose phos- 
phate broth and each was mixed with an equal amount of 
infective yolk. The mixture was incubated at room tempera- 
ture for 15 minutes and 0.2 ml of the mixture was inoculated 
into the yolk sacs of six-day embryonated eggs. In addition, 
control groups of embryos were inoculated with equivalent 
levels of the antibiotic alone. 

It will be seen in table 2 that typical embryo mortality 
patterns resulted except in the case of neomycin where embryo 
mortality was reduced. Control embryos receiving the drugs 
alone are not shown. Deaths were negligible and were con- 
sidered non-specific. 

Pathogenicity of chick embryo-propagated agent for 
poults. Yolk from the fifth embryo passage was given orally 
to a group of ten, day-old poults. When sacrificed 6 days 
post inoculation, they showed distended intestines with watery, 
gaseous contents. An intestinal suspension prepared from 
these was used to inoculate a second series of day-old poults 
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TABLE II 


Effect of various antibiotics on the lethality of the agent in chick embryos 


No, of 





embrvos Embryo mortality 
Final inoculated 
concentration (via Days post inoculation 

Drug per ml yolk sac) 12383 4 5678 9 10 11 Survivors 
Infective yolk only 10 $22 21 0 
Penicillin 1000 units 

and streptomycin 1 mg 6 1 z: 1 8 0 
Streptomycin 1 mg 7 i @¢29 0 
Penicillin 1000 units 8 1124 ae 0 
Achromycin 50 ug 10 622 0 
Achromycin 100 vg 2131 0 
Achromycin 1 mg 10 13 :. @44 0 
Achromycin 5 mg 0 11 2624. 1 0 
Chloromycetin 5 mg 6 & @& 4 0 
Erythromycin 5 mg 10 44 1 1 0 
Erythromycin 25 mg 9 E33 2.1 1 
Spontin 1 mg $8 1-44 0 
Spontin 5 mg 20 113113434 0 
Spontin 25 mg 10 6&2 &§ 0 
Neomycin 500 ug 8 1 2#@23 i 0 
Neomycin 1 mg 8 1 1 s i 3 
Neomycin 5 mg 8 1 7 


| 
| 





and lesions were evident within 4 days. An intestinal sus- 
pension from the second group was used to inoculate a third 
group and lesions were evident within 6 days. There was no 
mortality in the first passage but evidence of the disease was 
seen in the birds sacrificed. Five of 30 poults died in the 
second passage and the remaining birds showed characteris- 
tic signs. A third poult to poult passage produced evidence of 
infection but no mortality. A suspension of intestines pre- 
pared from the third passage poults and passed through a 
450 my» pore size Millipore filter, when injected via the yolk 
sac, produced a mortality patttern in chick embryos similar 
to that seen in table 1. 

In a further trial designed to determine if the yolk sac- 
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propagated agent still retained pathogenicity for poults, 
a 16th embryo passage was chosen. Yolk was administered 
to 30, day-old poults. Three poults died. Of ten birds sacri- 
ficed on the 6th day, the intestines of six showed character- 
istic signs and the intestines of four were normal. The re- 
mainder, sacrificed on the 14th day were normal. Affected 
intestines from birds sacrificed on the 6th day was serially 
passed a further five times through groups of poults. Each 
passage produced light mortality and a variable morbidity 
involving about half the birds examined. There was no 
apparent increase in ability to produce morbidity or mortality. 
The agent was recovered in chick embryos from an intestinal 
filtrate prepared as above from intestines of the fourth 
poult to poult passage. The pattern of embryo mortality was 
as previously seen. 

Isolation of a bacterium. Yolk from infected embryos 
had been tested from time to time for the presence of bac- 
teria on the following media; PPLO agar, tryptose yolk agar, 
and sheep blood agar with and without a Staphylococcus 
aureus streak. The cultures had been incubated aerobically, 
anaerobically, and with 10 percent carbon dioxide. These 
methods failed to reveal the presence of bacteria. For reasons 
that will be discussed, attempts to culture the infective agent 
on bacteriological media were continued. 

In one of these later trials infective yolk was plated on 
tryptose chicken blood agar and the plates incubated aero- 
bically, anaerobically and in an atmosphere of 10 percent 
carbon dioxide. The anaerobic plates when examined in 96 
hours, revealed small, dew-drop like colonies. A Gram-stained 
smear showed the colonies to be composed of tiny, Gram- 
negative, poorly staining, somewhat pleomorphic rods. The 
appearance of colonies was a fortuitous incident which could 
not be repeated at will, and growth in fluid media contain- 
ing 0.1 percent agar was investigated. When thioglycollate 
broth or cystine trypticase agar was inoculated with yolk or 
intestinal filtrate, growth was evident after 72 to 96 hours 
incubation at 37 C., as a hazy outline outside the line of 
inoculation. Inoculation was accomplished using a Pasteur 
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pipette to deliver approximately 0.1 ml of inoculum into the 
medium near the bottom of the tubes. Growth was less evident 
after the first transfer to fresh media, and barely perceptible 
after the second transfer. There was no growth after further 
transfers employing these media. Incorporation of 10 percent 
horse serum had no apparent effect in stimulating growth. 

The glucose-cysteine semi-solid medium of Lewis et al.' 
when modified by the incorporation of 10 percent horse serum 
or 10 percent fresh yeast extract and 10 percent blood extract 
was found to support not only initial growth but to be satis- 
factory for maintaining growth of the organism. Up to 7 serial 
passages have been performed employing this medium, growth 
being evidenced by a very faint clouding which becomes 
apparent after 3 to 5 days of incubation at 37 C. 

Pathogenicity of the bacterium for poults. The bac- 
terium, isolated in glucose-cysteine medium from a filtrate 
prepared by passing a suspension of affected intestines 
through the 450 mz pore size Millipore filter, was transferred 
twice more through fresh glucose-cysteine medium at 3-day 
intervals. The dilution of original, intestinal material accom- 
plished in the three broth transfers was approximately 10°. 
After 72 hours incubation, 1 ml of broth per poult was ad- 
ministered to ten, day-old poults. There was no mortality, 
nor were gross signs of infection found when the poults were 
sacrificed 10 days post inoculation. Ten, day-old poults were 
maintained separately as controls. 

Suspensions of intestines from both inoculated and con- 
trol groups were prepared separately and used to inoculate 
a group of nine and a group of five, day-old poults respec- 
tively. The infected group of nine poults was sacrificed at 8 
days post inoculation. The intestines of three appeared normal, 
three showed marked lesions and three showed lesions highly 
suggestive of the disease. The five poults receiving the control 
intestine suspension were sacrificed at 9 days post inoculation 
and their intestines were normal. A third passage was carried 
out in the same manner employing one group of twenty and 
one group of five, day-old poults. All but four poults in the 
infected group showed evidence of the disease. The bacterium 





eC RU ER a a SAA bc RE aR INARI ISR RR SE MG Og ae ce 


ee Sede wa? 


CA “5 REIT | 








oa® 66th Of Clee lel les 





- Wte Ww 


—_ 





¢ ORAS ia nae 


n 
d | 
d 


le 


RAS: ie 


ite gt Re RAR IAP IC, ent a PE 8 


ghd ERO LEE IPA BS EE 


1 a PH ea RE 


| this point we were still unable to demonstrate bacteria in 


TURKEY BLUECOMB BACTERIUM 399 
was recovered in media from the intestines of this group 
using the filtration technique previously described. The intes- 
tines of those poults receiving the intestinal suspension from 
control poults remained normal and attempted isolation of 
the organism was unsuccessful. 


DISCUSSION 

The disease in young poults whether contracted experi- 
mentally or naturally presents the same picture. Inappetence, 
huddling, and decreased water intake are among the signs first 
noted. Droppings are usually quite loose, frequently light 
brown and may appear somewhat foamy when fresh. On 
post-mortem examination, a catarrhal enteritis is seen and 
portions of the intestine are distended with watery, gaseous 
material. The ceca are frequently enlarged and contain light 
brown foamy fluid. The other internal organs appear normal. 

Since the disease which we have studied in Ontario is 
clinically, and in its gross pathology, identical with that de- 
scribed by Pomeroy and Sieburth? as affecting poults in 
Minnesota we consider them as probably the same entity. This 
is supported by experiments paralleling theirs in which a filter 
passing agent was found capable of transmitting the condition. 
The facility of handling Millipore filters prompted their use 
in preference to Selas, Berkefeld or Chamberland filters. As 
in the work reported by Tumlin et al.‘ and Sieburth and John- 
son,* the infectious filtrate was bacteria-free when checked 
by routine procedures for aerobes and anaerobes. Since, in 
our studies, the integrity of the filters in all crucial experi- 
ments was tested with Serratia marcescens, we were led to 
believe initially that we were dealing with other than a bac- 
terial agent and chick embryo infectivity trials were under- 
taken. 

An intestinal suspension passed through a 450 mu pore 
size Millipore filter produced mortality in chick embryos 
when inoculated into the yolk sac and the infection was 


) found to be transmissible serially through chick embryos by 


this same route. The allantoic route proved unsatisfactory. At 
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the yolk although it was infectious both for poults and chick 3 
embryos. 4 

As has been reported above, the infective yolk had § 
an embryo LD,, of 10+ and the embryo LD,, of allantoic 
fluid and embryo liver was less than 10°. This concentration 
of infectious property in the yolk sac and its size as de- 
termined by filtration tended to suggest a psittacoid or a 
rickettsia-like agent. However, Giemsa and Macchiavello 
stains of yolk sac impression smears failed to reveal intra- 
cellular organisms. Tests with various antibiotics had shown 
that the agent was resistant to all of them at the levels em- 
ployed with the exception of neomycin. The consideration of 
these facts led to a more intensive investigation of the possi- 
bility that a bacterium was the etiological agent. 

Although it was found that colonies appeared occasion- 
ally when infectious yolk was plated on tryptose chicken 
blood agar plates, colonization could not be repeated at will 
and the use of thioglycollate broth and cystine trypticase agar 7 
was investigated. These were found to be quite satisfactory for 7 
isolation but a modified glucose-cysteine broth was satisfac- | 
tory both for isolation and maintenance. The bacterium has § 
been isolated from several intestinal filtrates of experimen-| 
tally infected birds and from two field cases presented for | 
diagnosis. Isolation attempts from experimental, control poults 
have been negative. 

Transmission of the disease to poults was accomplished 7 
with yolk from a sixteenth serial passage in chick embryos § 
and also with a broth culture of the bacterium derived from) 
an intestinal suspension of affected birds. The possibility | 
exists that a virus was carried concomitantly with the organ-|) 
ism through the embryo passages, but the broth culture used | 
was a serial passage representing ultimately a 10° dilution) 
of intestinal contents. This renders it less likely that a virus) 
agent was carried. We believe that the evidence presented ‘ 
indicates that a bacterium is the etiological agent of bluecomb. i 
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SUMMARY AND CONCLUSIONS ; 
A Gram-negative anaerobic bacterium isolated by means? 
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of filtration from poults affected with bluecomb has been 
grown in the yolk sac and produces mortality in embryonated 
eggs. 

Infectious yolk has been shown to produce an enteritis 
in turkey poults clinically indistinguishible from transmis- 
sible enteritis or bluecomb. 

Similarly, the bacterium, grown in glucose-cysteine broth, 
was capable of inducing the disease in poults and the or- 
ganism was recoverable from their intestines. It could not be 
recovered from control poults in which serial passage of 
control intestines was carried out. 

Filtration trials indicated that the bacterium will pass 
through a Millipore filter of 450 mz pore size but not through 
a filter of 300 my» pore size. 

The bacterium is resistant to penicillin, streptomycin, 
tetracycline, erythromycin, chloromycetin and spontin but is 
somewhat sensitive to high concentrations of neomycin. 

It is the authors’ belief that a small, Gram-negative, an- 
aerobic, pleomorphic rod is the etiological agent of trans- 
missible enteritis or bluecomb of turkey poults. 
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PLASMA ENZYME LEVELS IN CHICKENS, 
A MEASURE OF DRUG INDUCED 
PATHOLOGY* 


By A. ZARKOWER', and H. L. CHUTE 


Department of Animal Pathology, University of Maine 
Orono, Maine 


ERUM enzyme level studies are a part of established 

clinical procedure in the diagnosis of many pathological 
conditions. According to several authors*-".** the two principal 
mechanisms by which abnormally high amounts of enzyme are 
released into the circulation are: (1) cellular degeneration 
and lysis, which is due either to a pathological condition or an 
increased metabolic rate or, (2) secretion of the enzymes by 
the intact cells either as a physiological process or as a re- 
sult of a pathological condition. 

At present there are many drugs on the market, which 
are used in many conditions of poultry. These drugs are in- 
jected into, or fed to the birds for therapeutic reasons, and 
also as growth or production stimulants. Methods to evaluate 
the effects of these drugs on the birds, are mostly confined 
to growth and production records. In cases of suspected, grave, 
toxic effects, pathological studies are made. Our study was an 
attempt to see whether slight physiological and pathological 


changes from normal may be detected in a group of experi- 3 


* This project was partly supported by a grant from Samuel 
Lipman & Sons, Augusta, Maine. 
Presented at the 32nd Northeastern Conference on Avian 
Diseases, June 27-29, 1960. University of Maine, Orono, Maine. 


1 Present address: Animal Pathology Laboratories, Health of | 


Animals Division, Canada Department of Agriculture, Animal Diseases 
Research Institute, Hull, Quebec. 








as he he lO hf ee oe 


ofS 








ee ow —————E——EEE 





=A EARN SRLS IE EDL EE iI EE ID PERSIA BEE 


per oe 


Echo nh sgt Seite Es EE 





PLASMA ENZYME LEVELS 403 
mental birds, using enzyme level studies as a criterion of 
these changes. 

LITERATURE REVIEW 

The three enzymes, serum glutamic-oxaloacetic trans- 
aminase (GOT), lactic dehydrogenase (LHD) and alkaline 
phosphatase (Alk. Phos.) have been studied extensively. The 
increase of these enzymes in the circulation in the course of 
many pathological conditions has been reported by various 
investigators. Normal levels of the various enzymes in both 
serum*? and tissues®!* of a number of experimental, domestic 
animals*:® and man*’ have been established. Hess has carried 
out a study of normal and pathological levels of LDH in human 
serum. It is his contention that normal enzyme concentrations 
in the serum are maintained mainly by their release from 
disintegrating erythrocytes. He further states that due to 
normally low turnover of other tissue cells (muscle, nerve 
tissue), little enzyme from these tissues is normally present in 
the serum. 

Pathological levels of the three enzymes under study 
are reported by numerous investigators. High plasma LDH 
values are associated with pathological conditions such as 
hemolytic anemia and aleukemic type of leukemia‘; increases 
are also noted in cases of myocardial infarction and: various 
neoplastic conditions. Increases of serum GOT in cases of 
tissue damage and necrosis have been reported, as an 
example; in local tissue injury, myocardial injury*! white 
muscle disease of lambs and calves*?°8? liver pathology 
7,10,11,17,22,23,26 muscular dystrophy of poultry® and experimen- 
tally produced pathology using toxic chemicals. Increases of 
serum Alk. Phos. levels are seen in osteogenic sarcoma,”® 
osteitis fibrosa cystica, rickets, osteomalacia and conditions 
such as myeloblastosis, jaundice and various liver disorders. 
Motzok from the results of experiments with normal and 
rachitic chicks®*.?7.°85 concluded that increases of plasma phos- 
phatases in rickets were due to the leakage of the enzyme 
from the bones to the tissues. 

Increased levels of serum enzymes have been reported in 
experimentally induced conditions. Toxic chemicals** have 
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been used to cause increase of serum GOT. Drabkin'’ found 
increases of Acid and Alk. Phos. in alloxan- induced diabetes 
in rats. Alk. Phos. has been found to be decreased in the 
serum during fasting and increased when fat was given in 
the diet of rats and man.** 


MATERIALS AND METHODS 

Seventy birds were used in the three experiments. Forty 
of these birds were White Leghorns and the rest Nichols 88’s 
and Vantress X White Rock. These birds were of mixed sexes 
and seven weeks old at the beginning of the experiments. 

The drugs used in this study were: oxytetracycline*, tere- 
phthalic acid*, NF260 brand of nitrofurazone**, sulfabromo- 
methazine***, zinc bacitracin****, chlortetracycline, hygro- 
mycin B***** and hydroxyzine hydrochloride*. 

One form of injectable oxytetracycline and one form of 
water soluble N260 were used. The rest of the drugs were 
mixed with a basal ration and fed continuously. The basal 
ration was a mixture of a growing mix and starter mash as 
manufactured and sold by Wirthmore Feeds Inc., Waltham, 
Mass. 

Blood samples were obtained by cardiac puncture. The 
blood was heparinized with heparin diluted 1:20 with water 
(1,000 units per ml.—10 mgms.) Microhematocrits and hemo- 
globin levels were determined. Next the plasma was centri- 
fuged off and the enzyme activity levels were determined. 

Plasma enzyme methods were based on the work of 
McDaniel** on normal plasma enzyme levels of chickens. The 
GOT assay method was adapted from the method of Karman 
et al.,'*:!9 as modified by. Steinberg et al.*! The reagents were 
obtained from the Warner-Chilcott Co. LDH values were ob- 
tained by using the method of Wrobleski and LaDue.*? Plasma 
Alk. Phos. reaction rates were determined as described in 
the Sigma Technical Bulletin #104.*° In the case of Alk. Phos., 


* Supplied by the Charles Pfizer Co. 
** Supplied by the Eaton Drug Co. 
*** Supplied by Merck & Co. Inc. 
**** Supplied by Commercial Solvents Corp. 
*#*** Supplied by Eli ‘Lilly Co. 
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the plasma was diluted 1:10 with water after the work by 
McDaniel.** 


eit te PA OL IES 


four lots and treated as follows: 

Lot 1—Four subcutaneous injections of oxytetracycline 
were made at weekly intervals with the following dosages 
used on each bird: 100 mg, 100 mg, 200 mg, and 250 mg. 

Lot 2—Controls on basal ration. 

Lot 83—NF260 at 0.15 percent concentration was mixed 
with the basal ration. 

Lot 4—NF260 was added to the drinking water at a rate 
} | of 3 grams per gallon. 
| This treatment was continued for approximately one 
month. The birds were bled four times at fairly regular inter- 


i At the completion of each experiment the birds were 
)  necropsied. Portions of liver, kidney, lung, pancreas, duo- 
» denum, spleen and heart were fixed in 10 percent formalin, 
»' sectioned and stained with hematoxylin and eosin. 

‘ The three experiments were arranged as follows: 

i Experiment I. Forty Leghorns were used, divided into 
\ 


poets. AA 


5S eater asa 


. i vals, with the first bleeding one week after the start of the 

eo Ty experiment. Four GOT, three LDH, one Alk. Phos., three 

. ( hemoglobin and four hematocrit determinations were made. 

i : Experiment II. Thirty Vantress X White Rock and 

. || Nichols 88 birds were divided into lots of five and treated as 
follows: 

f Lot 1—Basal ration alone. 

- Lot 2—Basal ration + oxytetracycline at 600 grams per 
ton. 

~ , Lot 3—Basal ration + 0.5 percent sulfabromomethazine. 

b- { Lot 4—Basal ration + terephthalic acid, 20 pounds per 

s 6ton. 
Lot 5—Basal ration + bacitracin, 300 grams per ton. 
“a Lot 6—Basal ration + 0.15 percent NF260. 


This treatment was continued for approximately 3 weeks. 
The birds were bled at three fairly evenly spaced intervals, 
starting one week after the start of the experiment. Three 
} GOT, three LDH, two Alk. Phos., one hemoglobin and three 
i hematocrit determinations were made. 
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Experiment III. Thirty Vantress X White Rock and 
Nichols 88 birds were divided into six lots of five and treated 
as follows: 

Lot 1—Basal ration + 0.5 percent sulfabromomethazine. 

Lot 2—Basal ration + chlortetracycline, 600 grams per 
ton. 

Lot 3—Basal ration + hydroxyzine hydrochloride, 15 
grams per ton. 

Lot 4—Basal ration + terephthalic acid 20 lbs. per ton. 

Lot 5—Basal ration + hygromycin B, 4 lbs. per ton. 

Lot 6—Basal ration alone. 

These birds were on this treatment for a period of 2 
weeks. They were bled twice. One GOT, two LDH and one Alk. 
Phos. determinations were done. 


RESULTS 
The results of the plasma enzyme determinations sum- 
marized in tables 1, 2, and 3, and show that significant en- 
zyme level differences from control groups were obtained 
through the use of high levels of some of the drugs. 
The values for each group were analyzed. Statistical 


TABLE I 


Experiment 1—Means of plasma enzyme values*** 








Trontments ; GOT LDH 7 Alk. phos. 
Control 157.4+14.9 825.8+183.0 29.6+12.4 
Oxytetracycline 

injectable 146.4+11.0 906.0+166.0 26.2+20.3 
NF260 es ee 
in feed 209.4+18.0 1038.5+104.0 36.9+27.1 
NF260 + ° . 


in water 186.4+24.0 1032.3+156.0 53.7+33.0 
/ Significant at 5% probability level. e i 
Significant at 1% probability level. 


* 


Pu A 


GOT Activity in units per ml. of plasma. 
LDH Activity in units per ml. of plasma. 
Alk. Phos. = Expressed as Bessey-Lowry units (Sigma). 


2K He 


= Values are in the averages of mean readings for all 
bieedings from each bird in each group. The standard 
deviation on this average value is indicated, 
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TABLE II 


Experiment 2—Means of plasma enzyme values*** 


Treatments 


GOT LDH Alk. phos. 





Control —-4145.1419.1 596.14114.0 48.8+23.5 
Oxytetracycline +s 

in feed 155.8+11.5 696.6+124.0 23.0+10.0 
NF260 oe oe 

in feed 187.6£15.6 958.2+181.0 48.4+20.5 
Sulfabromomethazine ae 

in feed 149.7+20.7 825.5+47.0 36.8+ 9.7 
* 

TPA in feed 173.5+35.5 820.1+172.0 47.1+14.0 
aK 


Zine Bacitracin 141,1+18.5 926.0+155.0 51.6+£17.0 


* = Significant at 5% probability level. 

** — Significant at 1% probability level. 

GOT = Activity in units per ml. of plasma. 
LDH = Activity in units per ml. of plasma. 

Alk. Phos. = Expressed as Bessey-Lowry units (Sigma). 
*** — Values are in the averages of mean readings for all 
bleedings from each bird in each group. The standard 
deviation on this average value is indicated. 


TABLE III 


Experiment 3—Means of plasma enzyme values*** 





Treatments GOT LDH 


Alk. phos 








Control 491.04 7.8  -:1078.9120.0 25.384 7.7 
Sulfabromomethazine 
in feed 211.5+44.0 1203.2+228.0 18.7+ 8.5 
Chlortetracycline . 
in feed 206.2+42.0 1370.7+101.0 25.6 9.2 
Hydroxyzine 
Hydrochloride = 
in feed 248.9+48.0 1164.9+ 89.0 21.9+ 9.3 
TPA in feed 185.3+30.6 1541.6+517.0 30.3+ 9.6 
Hygromix ve 
in feed 187.3+36.0 1329.1+119.0 29.5+ 8.1 
* — Significant at 5% probability level. 
** — Significant at 1% probability level. 
GOT = Activity in units per ml. of plasma. 
LDH = Activity in units per ml. of plasma. 
Alk. Phos. = Expressed as Bessey-Lowry units (Sigma). 
*** — Values are in the averages of mean readings for all 


bleedings from each bird in each group. The standard 
deviation on this average value is indicated. 
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analysis* was done on the mean values of each bird. Signifi- 
cant increases in plasma GOT were obtained in chickens fed 
NF260 and hydroxyzine hydrochloride. The increases in 
plasma LDH in chickens fed NF260, oxytetracycline, sulfa- 
bromomethazine, terephthalic acid (TPA), zinc bacitracin, 
chlortetracycline and hygromycin B (hygromix) were also 
significant. Plasma Alk. Phos. increased significantly in 
chickens fed NF260. Thus in chickens fed NF260 there was 
a significant increase in the activity of all three enzymes. 





1200.0 
§ 1100.0 
q 
3 1000.0 
Qa, 
es 
q 900.0 
b. 
by] 
» 
od 
5 800.0 
4 
700.0 
1 Bleedings 2 
Fig. 1. Experiment #I, LDH Plasma Values* 
Control = O NF260 in feed = @ 
Oxytetracycline inj. = " NF260 in water = A 


*Values are a mean of enzyme activity levels of each group at one 
bleeding. 


Definite pathological changes were seen in the birds 
receiving the different drugs. The greatest pathological 
changes were seen in chickens fed sulfabromomethazine, 
hygromix and more particularly NF260 in which group there 
was a significant increase in all three enzymes. The pathology 


* Student’s unpaired “t” test was used as described by Snedecor 
G. W., Statistical Methods, Iowa State College Press, Ames, Iowa (1956). 
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was most evident in liver and kidney. Cloudy swelling of 
parenchymal cells, fatty degeneartion, necrosis, heterophilic 
and mononuclear infiltrations in the portal areas, were seen in 
the liver. Kidney changes were; cloudy degenerations of 
tubular cells, cell atrophy, cystic degeneration, necrosis and 
the presence of calcified casts in the tubules; Grossly, a loss 
of weight and extreme dehydration was evident in birds on 
high levels of NF260. A loss of weight was apparent in the 
birds fed high levels of sulfabromomethiazine. No significant 
changes from control values were apparent in the hematocrit 
and hemoglobin values. 


DISCUSSION 

The choice of the drugs used in this study was arrived 
at by considering a number of drugs commonly used by poul- 
try growers. It was hoped that by using these drugs at three 
times the maximum recommended level and continuously, a 
varied response would be arrived at, both, in the plasma 
enzyme concentrations and pathology caused. The results tend 
to show that the plasma enzyme changes are a fairly early 
indication of changes occurring in various organs. The pa- 
thological changes in the liver and kidney caused by the high 
levels of NF260 and sulfabromomethazine were accompanied 
by high levels of plasma enzyme activities. 

In the statistical evaluation of enzyme activities, means 
of individual birds were used. This was considered to be the 
most reliable method of estimating the difference of response 
in the course of the experiments. Figures 1 and 2 show that 
even though a correlation could be seen in some cases as in 
LDH values in Exp. I, at other times no simple relationship 
could be seen as exemplified by the unpredictable fluctuation 
of the LDH values in figure 2. We were interested in total 
enzyme activity present during the course of our experiment. 
We believe that the fluctuations were caused by the indivdual 
response of the birds to the drugs and varied with the stress 
and the susceptibility of the experimental animal] to it. 

The scope of this study was too limited to draw definite 
conclusions about the effects of any of the drugs under the 
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experimental conditions described. However, the correlation 
between plasma enzyme increases, pathology and loss of con- 
dition by the birds was quite evident. Study of plasma enzymes 
in toxicity work seems to be an approach that would merit 
a wider study. 
SUMMARY 

The levels of three enzymes, glutamic-oxaloacetic trans- 
aminase, lactic dehydrogenase and alkaline phosphates have 
been followed in the plasma of experimental chickens sub- 
cutaneously injected with or fed different drugs in their 
ration or drinking water at high levels for a period of 2 to 4 


weeks. These conclusions were arrived at on the basis of the 
results obtained: 


1. Increases in enzyme levels in this experiment were cor- 
related with the toxic reactions induced in some vital organs, 
notably liver and kidney. 


2. In our experiments, increases in lactic dehydrogenase levels 
were the earliest indication of tissue damage due to toxicity. 
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CONTROL OF CHRONIC RESPIRATORY 
DISEASE II. THE EFFECT OF LOW CALCIUM 
DIET, TEREPHTHALIC ACID AND 
CHLORTETRACYCLINE* 


By J. O. HEISHMAN, N. O. OLSON, and D. C. SHELTON 


Reymann Memorial Farm, Department of Animal and Veterinary 
Science and Department of Agricultural Biochemistry and Nutrition, 
West Virginia University, Wardensville and Morgantown* 


WO of the major accomplishments of the research on 
infectious synovitis were the studies on comparative ac- 


* Published with approval of the director of the West Virginia 
Agricultural Experiment Station as scientific paper 637. Supported in 
part by regional funds allocated to regional project NE-5 and by funds 
from the Farm and Home Division, American Cyanamid Company, New 
York, N.Y. 

* Presented at the 32nd Northeastern Conference on Avian Diseases, 
June 27-29, 1960, University of Maine, Orono, Maine. 
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tivity of the tetracycline antibiotics'®*"* and the stimulation of 
research on ways to potentiate antibiotic activity.'.%*® 1°“ 
To date, the dietary efficiency of these broad spectrum anti- 
biotics has been increased in three ways: (a) use of tereph- 
thalic acid (TPA), (b) use of rations low in divalent ions and 
(c) by supplying supplemental calcium as calcium sulfate in- 
stead of calcium carbonate.?:**:"* 

From the results of Olson and Shelton,*® the minimum 
concentration (125 gm/ton of feed) of chlortetracycline 
(CTC) used was as effective in preventing the retardation of 
growth in Mycoplasma (MP) inoculated birds as higher con- 
centrations. In order to prevent the development of chronic 
respiratory dsease (CRD), high concentrations of CTC and 
potentiation are necessary.’ It was desirable, therefore, to 
determine the minimum concentration of CTC which would 
prevent the retardation of growth due to CRD and to de- 
termine the effect that relatively high and low concentrations 
of calcium have on the efficacy of CTC. 


MATERIALS AND METHODS 

For this trial, 150 White Rock X Vantress chicks were 
placed into each of 32 pens with 150 square feet of floor space. 
Half of the chicks were obtained from flocks known to have 
a high transmission rate of CRD and the other half from 
flocks known to have a low transmission rate of CRD. The 
chicks were evenly mixed in each pen and the treatments 
were randomly distributed throughout the house. The chicks 
in sixteen of the above pens were fed a relatively high 
calcium diet (1.4 percent) and those in the other sixteen pens 
were fed a relatively low calcium diet (0.85 percent). At each 
calcium level, replicate treatments were maintained at con- 
centrations of 0, 25, 50 and 100 grams CTC per ton of feed 
and then repeated with 0.5 percent TPA. 

At ten days of age, 50 birds in each pen were inoculated 
intrasinusly with a 72 hour broth culture of MP (WVU 1791) 
containing approximately 2 x 10° organisms per milliliter. 
The chicks were vaccinated with bronchitis and Newcastle 
disease dust vaccine at eleven days of age. 
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The chicks were observed for signs of CRD and all birds 
that died were autopsied. Air sac lesions were determined 
in autopsied birds and in slaughtered birds on the dressing 
line. The birds were weighed at 9 weeks of age and feed con- 
versions calculated. At ten weeks of age 20 birds from each 
replicate were tested for CRD using the serum plate agglu- 
tination test and ten birds were cultured for MP as described 
previously.*The colonies on PPLO agar were examined for 
pathogenic strain morphology. 


RESULTS AND DISCUSSION 
Definite clinical signs of CRD were present in some birds 
of all pens and evidenced by rales which continued beyond 
the usual time of a vaccination reaction. 


TABLE I 


Average weights and feed conversions of duplicate treatments 
as influenced by CTC, TPA and calcium content of ration* 


Calcium content. vercent 





Level of oe ie) i ee 
ean Average weight. lbs €S Feed euutin 

0 2.78 2.88 3.17 2.91 
25 3.07 3.07 2.93 2.97 
50 3.20 3.12 2.81 2.96 
100 3.24 3.16 2.77 2.85 

No TPA 

0 2.94 2.91 2.95 2.78 
25 3.06 2.98 2.93 2.93 
50 3.07 3.10 2.83 2.88 
100 3.26 3.13 2.75 2.94 





* Nine weeks reults. 


The average weights and feed conversions are shown in 
table 1. According to the analysis of variance, the mean 
average weights supported at all levels of antibiotics were 
significantly (P < .50) greater than those when no CTC 
was fed. Also the weights of the birds on the 100 gram level 
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were significantly higher than those on the 25 gram level. 
No significant differences were observed for differences in 
calcium content, TPA content or interactions of these. 
Feeding CTC in the low calcium ration reduced feed [| 
conversion values, One hundred grams of CTC were needed Ff 
for a significant effect. On the high calcium ration, the levels 
of CTC used did not improve feed conversion over that of the 
treatment without CTC. No effect due to TPA were detectable. 





TABLE II 


Mortality, air sac lesions and reactors as influenced by calcium 
Content, TPA and CTC in the ration 


Calcium content. percent 





Level of 0.85 1.4 0.85 14 ©=——~S(<i«é‘iC 
“aie "Mortality % Air sac lesions, % Reactors*. % 
0.5% TPA ; : 
0 8.4 6.8 13.3 9.0 100 98 
25 4.4 6.3 5.3 5.0 90 98 
50 2.4 2.4 1.3 3.7 65 80 
100 6.7 3.3 2.0 1.3 18 50 
No TPA 
0 4.7 6.6 3.0 2.0 100 100 
25 3.7 4.0 6.3 4.3 100 100 
50 5.1 4.0 0.7 7.0 95 100 
100 3.2 6.3 6.3 6.7 85 85 





* Based on a serum plate test of 13 percent of the birds. 


The percentage of mortality, air sac lesions and reactors 
are shown in table 2. The variation which occurred within 
the various treatments was too great for significant effects 
to be detected relative to mortality and air sac lesions. The 
results of the serum plate agglutination test showed that 
CTC levels had little effect toward reducing the percentage of 
reactors. With 0.5 percent TPA in the ration, significant re- 
ductions in the percentage of reactors occurred. At the 0, 
25, 50 and 100 grams of CTC plus the TPA, the percentage 
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of reactors were 100, 90, 65 and 18, respectively, when the 
0.85 percent calcium ration was fed. With the 1.4 percent 
calcium ration, 98, 98, 80 and 50 percent of the birds showed 
positive agglutinations at the above concentrations of CTC, 
respectively. 

Detailed results of the tracheal cultures are not shown. 
It was interesting, however, that the highest number of iso- 
lations of MP occurred from those groups which received the 
100 gram concentration of CTC. As the amount of CTC in the 
ration decreased, the number of isolations decreased. This 
is consistent with the results of Olson et al.t who showed that 
a great reduction in the percentage of tracheal isolations of 
MP occurred in experimental birds between the 6th and 10th 
weeks. Those groups on the lower levels of CTC probably 
developed a greater degree of resistance; therefore, the 
elimination of MP was greater. Two reasons can be advanced 
to account for the-effect of CTC on MP isolation and antibody 
response; (1) the CTC controlled the MP to a limited extent 
and there was less antigenic stimulation to antibody produc- 
ing sites and (2) the CTC interfered with antibody production 
directly. 

From the results presented, the value of low concentra- 
tions of CTC in the ration is not very great. From 50 to 100 
grams are needed to protect the birds from the growth re- 
tarding effects of MP. That CTC is more effective at low 
calcium levels was aptly demonstrated by the percentage of 


reactors which occurred at the two calcium levels where TPA 
and different levels of CTC were fed. 
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SUMMARY 
From fifty to a hundred grams of chlortetracycline per 
ton of feed were needed to protect chicks from the growth 
retarding effects of Mycoplasma. Other than this effect on 
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growth rate, the response to such low concentrations was of 
questionable value. Chlortetracycline, plus 0.5 percent tereph- 
thalic acid, reduced the percentage of Mycoplasma reactors 
more effectively in the ration containing 0.85 percent calcium 
than in the one containing 1.4 percent calcium. 
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CONTROL OF CHRONIC RESPIRATORY 
DISEASE III. ISOLATION OF MYCOPLASMA 
AS INFLUENCED BY POTENTIATED 


CHLORTETRACYCLINE AND TIME 
INTERVAL AFTER EXPOSURE 


By N. O. OLSON, J. O. HEISHMAN and D. C. SHELTON 


Department of Animal and Veterniary Science, Reymann Memorial 
Farms and Department of Agricultural Biochemistry and Nutrition, 
West Virginia University, Morgantown and Wardensville* 


HEMOTHERAPEUTIC agents have been widely used 

in an attempt to control chronic respiratory disease 
(CRD). The efficacy of these drugs has been expressed pri- 
marily on the basis of increased feed efficiency and weight 
gain and by decreased mortality, air sac lesions and respira- 
tory signs. Generally, the effect of these drugs on Mycoplasma 
(MP) has not been considered. 

From the reviews by Hofstad' and Olesiuk et al.2 of the 
literature on the value of chemotherapeutic agents for the 
control of CRD, antibiotics have been of questionable value. 
The potentiation of tetracycline antibiotics by feeding tereph- 
thalic acid (TPA), low calcium rations, and the use of cal- 
cium sulphate in place of calcium carbonate has increased 
interest in the use of antibiotics for the control of CRD.? Olson 
et al.t and Peterson and Hendrix® in experimentally exposed 
chicks found that 250 grams chlortetracycline (CTC) per 


* Published with the approval of the director of the West Virginia 
Agricultural Experiment Station as Scientific paper number 638. Sup- 
ported in part by regional funds allocated to regional project NE-5 and 
funds from the Farm and Home Division, American Cyanamid Co., 
New York, N. Y. 

Presented at the 32nd Northeastern Conference on Avian Diseases, 
June 27-29, 1960 at University of Maine, Orono, Maine. 
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ton of feed plus 0.5 percent TPA prevented the development of 
agglutinins for MP and markedly reduced isolation of MP 
from the trachea. Mycoplasma were not isolated from birds 
given 375 grams of CTC plus 0.5 percent TPA,* but under 
different environmental conditions, MP were isolated from 
birds that had been fed 500 grams of CTC and 0.5 percent 
TPA.® 

The expriment reported in this paper was designed to 
obtain: (1) more basic information on the course of CRD in a 
broiler flock as determined by isolation of MP from the 
trachea at two week intervals and (2) the effect of 400 grams 
of CTC per ton of feed with and without 0.5 percent TPA 
given continuously and for different time intervals on (a) 
isolation of MP, (b) weight gain and (c) feed efficiency. 


MATERIALS AND METHODS 


Into each of 32 pens (150 sq. ft.) were placed 100 White 
Rock-Vantress cross chicks. The treatments were randomly 
distributed throughout the house. The basal ration as fed 
was calculated to have 0.8 percent calcium and 0.8 percent 


phosphorus. At 2 weeks of age, each chick was inoculated 
intrasinusly with 0.25 ml. of a 72 hour broth culture of MP 
(WVU 1791) that contained about 11 « 107 organisms per ml. 
The chicks were dust vaccinated for Newcastle disease at 2 
weeks and for bronchitis at 4 weeks of age. The design of the 
experiment and medication periods are shown in table 1. 
Tracheal swabs were taken from 100 birds selected at 
random before inoculation and cultured for MP using the 
technique previously described,* except the third passage was 
made in maltose PPLO broth and thioglycollate media. If no 
growth occurred in the thioglycollate medium and the PPLO 
maltose broth became acid, this was considered a positive 


isolation. Three to four cultures from each treatment were | 


plated to check for characteristic pathogenic strain mor- 


phology. Tracheal cultures from 20 percent of the chicks 7 
were made from treatments 1, 2, 3, and 4 at four weeks, from ‘ 


treatments 1 through 6 at 6 weeks, and from all treatments 


on the 8th and 10th weeks. Birds were weighed and feed con- | 


versions were calculated. 
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TABLE I 


The experimental design showing the periods during which medication 
(M) was administered* 


Treatment* Weeks medication given (M) 


1 2 3 + 5 6 7 9 10 


8 

1 M M M M M M M M M M 
2 0 0 0 0 0 0 0 0 0 0 
3 0 0 M M M M M M M M 
4 0 0 M M 0 0 0 0 0 0 
5 0 0 0 0 M M M M M M 
6 0 0 0 0 M M 0 0 0 0 
7 0 0 0 0 0 0 M M M M 
8 


0 0 0 0 0 0 M M 0 0 


. Two replications for each treatment were maintained and the birds in 
each except control groups recieved either 400 grams CTC per ton of 
feed (16 pens) or the same level of CTC plus 0.5% TPA (16 pens). 


RESULTS AND DISCUSSION 

The course of CRD in this flock and the influence of the 
various treatments is illustrated by the isolation percentage 
shown graphically in figures 1, 2, 3, and 4. In figures 3 and 4 
the treatments were started two weeks before the first cul- 
tures were taken. 

No isolations of MP were obtained from 100 tracheal 
swabs taken at the time of inoculation at two weeks of age. 
Two weeks after inoculation, 100 percent of the tracheal 
swabs from the nonmedicated groups revealed MP. The fol- 
lowing isolation percentage of MP for the other periods were 
as follows: six weeks—95, eight weeks—40 and ten weeks—15. 

When CTC was fed continuously (figure 1) it made 
little difference whether CTC was started at day old or at time 
of inoculation, if TPA was given. Without TPA the continu- 
ous medication from one day of age was consistently better in 
reducing the number of isolations than when CTC was started 
at time of inoculation. Feeding CTC during the third and 
fourth weeks (figure 2) reduced the percentage of isolations 
from 100 to 60 and with TPA to 40 at the end of four weeks; 
however, removal of the CTC allowed the infection to con- 
tinue as if no antibiotic had been given during this two-week 
period. The CTC apparently interfered with the immune re- 
sponse and the additional stress of bronchitis vaccination 
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NO MEDICATION 
eee CTC I-10 WEEKS 
5-55-55 CTC 3-10 WEEKS 
w—e—e—e—w CTC+IPA I-10 WEEKS 
ISOLATIONS rt CTC+TPA 3-10 WEEKS 
100% 
90 
80 
70 
60 
50 
40 
30 
20 
10 
O 
2 4 6 8 10 
AGE IN WEEKS 


Fig. 1.....The percentage of isolations of MP from the 
trachea of non-medicated birds and from birds fed 400 grams 
of CTC with and without 0.5 percent TPA continuously from a 
day of age and from two weeks of age. 


at four weeks increased the susceptibility of the birds to MP. 

When the medications were started at the end of the 
fourth week and fed for the fifth and sixth weeks, the per- 
centage of isolations was markedly reduced (figure 3, not 
cultured until the sixth week) and continued low as long as 
the medications were given. However, removal of the medi- 
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NO MEDICATION 
wee CTC 3-4 ~WEEKS 
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Fig. 2. The percentage of isolations of MP from the 
trachea of non-medicated birds and from birds fed 400 grams 
of CTC with and without 0.5 percent TPA for only the third 
and fourth weeks. (see figure 1 for the results of continuous 
medication from the second week.) 


cation at the end of the sixth week resulted in a percentage 
isolation of MP that was slightly higher than when no anti- 
biotic was given. 

The medication at the end of the sixth week (figure 4, 
not cultured until the eighth week) resulted in a marked drop 
in the percentages of isolations. In the group of birds which 
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Fig. 3. The percentage of isolations of MP from the 
trachea of non-medicated birds and from birds fed 400 grams 
of CTC with and without 0.5 percent TPA for the fifth and 
sixth weeks and from the fourth week continuously. 


was given CTC plus TPA, the percentage of isolation was 
zero at the eighth and tenth week. 

Although additional experimentation is needed,under the 
conditions of this trial, medication during periods of active 
infection was of little value if given for a two-week period. 
It was interesting, however, that when CTC plus TPA was 
started at the end of the sixth week the percentage of iso- 
Jations was reduced to zero in three of four pens. No increase 
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Fig. 4....The percentage of isolations of MP from the 
trachea of non-medicated birds and from birds fed 400 grams of 
CTC with and without 0.5 percent TPA for the seventh and 
eighth weeks and from the sixth week continuously. 


in the percentage of MP isolation occurred after the medica- 
tion was removed. 

The continuous medication with CTC reduced the per- 
centage of isolations of MP as did the two week feeding period. 
Starting treatment 4 weeks after inoculation appeared to be 
the desirable period of medication for elimination of MP. 
Perhaps a longer period after infection would be desirable. 
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An approach would be to infect day-old chicks, allow the 
infection to develop for six weeks, then medicate at high 
levels for 2 to 4 weeks. The birds should develop a high de- 
gree of immunity by this time and chances of reinfection fol- 
lowing medication removal should be reduced. 

The above procedure would be practical for replacement 
birds providing egg transmission is eliminated by this vaccina- 
tion procedure. Since egg transmission is considered to be 
low, considerable investigation would be necessary to es- 
tablish the value of this approach. Even though the MP was 
eliminated from the trachea, it is still possible that MP would 
be present in the air sacs or other organs. It may be possible 
to select pathogenic strains for this vaccination procedure 
that do not involve the air sacs. Many questions can be raised 
but the proof of any procedure must depend on further re- 
search. Culture procedure involving large numbers of birds 
are costly and time consuming. However, this appears to be 
the best method available for evaluating the results. 

It should be pointed out that all birds in these trials 
were exposed to MP. Under conditions as they exist in the 
field, such high levels of antibiotics may be of value in pre- 
venting the spread of CRD. 

The body weights, feed conversion, and mortality are 
shown in table 1. Analysis of variance established that the 
least significant difference for body weight was 0.279 pounds. 
The feeding of CTC for 1 to 10 and 3 to 10 weeks resulted 
in significantly greater weights than when no CTC was fed. 

There was no significant difference in feed conversion 
among periods, but there was an interaction between treat- 
ment and periods. This means that the difference between 
treatments was not the same for all periods of treatment. 
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SUMMARY 


The feeding of high levels of chlortetracycline during 
periods of stress was of little value in controlling CRD. The 
feeding of CTC continuously did not eliminate infection, but 
when given 4 weeks after infection 400 grams CTC plus 0.5 
percent TPA appeared to eliminate Mycoplasma. 
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STUDIES ON PASTEURELLOSIS. IV. KILLED 
FOWL CHOLERA VACCINE ABSORBED 
ON ALUMINUM HYDROXIDE* 


By KENNETH L. HEDDLESTON and ROBERT C. REISINGER 


National Animal Disease Laboratory, Animal Disease and Parasite 
Research Division, Agricultural Research Service, 
U. S. Department of Agriculture, Beltsville, Maryland 


HREE experiments are reported in this paper. Experi- 

ment A was a study to determine the efficacy of aluminum 
hydroxide gel as an adjuvant in killed fowl cholera vaccine. 
Expriment B was designed to determine (1) if this vaccine 
would stimulate and maintain a high degree of immunity for 
52 weeks, and (2) if the stress of mixing vaccinated males 
from different flocks at time of challenge would affect their 
resistance to fowl cholera. Experiment C was a study to 
determine if birds could be immunized against fowl] cholera 
and withstand exposure to virulent cultures of Pastewrella 
multocida while infected with fowl] pox virus. A method for 
production of an effective water-in-oil emulsified fowl cholera 
veccine was presented in a previous paper.’ 


MATERIALS AND METHODS 

Chickens. New Hampshire chickens from closed flocks 
and free from all infectious diseases, with the exception of 10 
birds with fowl pox in experiment C, were used in these experi- 
ments. No chemotherapeutic agents, antibiotics, or other vac- 
cines were used in raising these birds. 

Preparation of vaccine. A culture of P. multocida was 
grown and harvested as previously described.! In experiment 


* Presented at the 32nd Northeastern Conference on Avian Diseases, 
June 27-29, University of Maine, Orono, Maine. 
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A, the bacterial concentration was adjusted to 25 x McFarland 
1 density (approximately 3.25 10" bacteria per ml). One 
part aluminum hydroxide gel* was mixed with 6 parts 
killed bacterial suspension in a Waring Blendor for 2 minutes. 
In experiments B and C, the bacterial concentration was 
adjusted to 10 < McFarland 1 density. Fifty ml of aluminum 
hydroxide gel was added to 500 ml of the killed bacterial 
suspension (1 part gel to 10 parts bacteria) and shaken in 
a 2-liter rubber-stoppered flask for 10 seconds 8 or 10 times 
during the day. 

Vaccination and challenge. One dose of 0.5 ml of vaccine 
was injected subcutaneously in the midportion of the neck. 
The vaccine required frequent agitation to keep the adsorbed 
bacteria in suspension. The immunity of each bird was chal- 
lenged as previously described! by swabbing the nasal cleft 
with a suspension of virulent P. multocida strain P-936. All 
birds that died were necropsied and cultured to confirm the 
diagnosis of fowl cholera, and moribund birds were killed 
and also necropsied and cultured. All survivors were ob- 
served for 10 or more weeks after they were exposed to P. 
multocida. 

Experiment A. Eighty-six 17-week-old chickens were 
divided into two groups. One group of 51 birds (34 males and 
17 females) was vaccinated and confined to finishing bat- 
teries in an isolation room. The other group (35 females) 
was held as unvaccinated, isolated controls in a 12 by 16 foot 
chicken house with a grass runway. Three lots of the vac- 
cinated birds (16 males and four females, 17 males, one male 
and 13 females) and three lots of unvaccinated isolated con- 
trols (all females) 10, 10, and 15 were selected and their 
immunity challenged at 7, 16, and 36 weeks respectively 
postvaccination. The birds at the time of challenge were 
confined to batteries identical in type to those used for the 
vaccinated birds. 

Experiment B. Two hundred and thirty-three birds 
were used in this experiment. Sixty-three 12-week-old males 
were vaccinated and placed with 24 unvaccinated contact 


* Amphojel, Wyeth Laboratories, Inc., Philadelphia, Pa. 
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control males in two 20 by 20 foot masonry chicken houses. 
Ninety birds (84 females and six males) were also vaccinated 
at 12 weeks of age and placed with 16 (13 females and three 
males) unvaccinated contact controls in two masonry houses 
identical in type. Forty birds (28 females and 12 males) were 
raised in a separate isolation area as isolated controls. 

At 16 weeks postvaccination, the two houses of vac- 
cinated and contact control males were exposed to a virulent 
culture of P. multocida; the birds were stressed at time of 
exposure by redistributing the males between the two houses. 
At the same time, 13 females and seven males of the isolated 
controls were confined to a fattening battery in an isolation 
room and exposed to the virulent culture. 

At 52 weeks postvaccination, the remaining two houses 
of vaccinated and contact control birds, which represented 
laying flocks, and the isolated controls were exposed to a 
virulent culture of P. multocida. The vaccinated and contact 
control birds were exposed to the culture in the same houses 
in which they were raised after vaccination. The isolated 
controls were confined to a fattening battery in a separate 
isolation room. The palatine cleft of each bird was swabbed, 
with cotton on a wood applicator, 20 weeks after they were 
exposed to P. multocida. The swabs were placed in tubes of 
1 percent peptone broth. After incubating for 3 to 4 hours, 
the broth cultures were streaked on dextrose starch agar 
(Difco) plates. The plates were examined after 24 hours of 
incubation at 37 C for the presence of. P. multocida colonies. 

Experiment C. Forty 17-week-old pullets were used in 
this experiment. Ten birds infected with fowl pox and 20 
birds free of disease were vaccinated and confined to different 
fattening batteries in the same room. Ten isolated controls 
were confined to a battery in a separate isolation room. At 
2 weeks postvaccination, the immunity of each bird was chal- 
lenged with a virulent culture of P. multocida. Forty-four sibs 
of the fowl pox birds were observed during the experiment. 


RESULTS 
The chickens suffered no apparent ill effects because of 
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vaccination. A few birds excreted greenish droppings for the 
first day or two after vaccination. 

Experiment A. The results recorded in table 1 show that 
aluminum hydroxide gel was satisfactory when used as an 
adjuvant in the killed fowl] cholera vaccine. All unvaccinated 
birds died within 3 days (average 1.5 days) after challenge, 
except one that died within 5 days. Two vaccinated birds 
died within each of the following intervals: 14 to 57 days after 
the 7-week challenge, 5 to 7 days after the 16-week challenge, 
and 3 to 11 days after the 36-week challenge. 

Experiment B. Mortality figures in table 1 show that 
the vaccine did produce a high degree of immunity for at 
least 52 weeks in the two laying flocks. P. multocida was not 
recovered from the specimens taken from the palatine clefts 
of the laying flocks. However, 44 percent of the vaccinated 
males died when exposed to the virulent culture of P. multo- 
cida at 16 weeks postvaccination. When the social or peck 
order of the males was changed by mixing unacquainted males 
together at time of exposure, there was much fighting and 
bloodshed. The prostrated males were trodden by the more 
vigorous males. 

The average time from the 16 weeks postvaccination 
challenge of vaccinated males until death was 13 days with a 
maximum of 46 days and a minimum of 1 day. The average 
time from the 52 weeks postvaccination challenge for the 12 
vaccinated birds until death was 5.5 days with a maximum 
of 13, and a minimum of 1 day. The average time from chal- 
lenge until death for all unvaccinated controls of both groups 
was 2 days. 

Experiment C. Five of 10 vaccinated birds that had 
fowl pox at the time of vaccination and challenge died of 
fowl cholera, but only 1 of 20 vaccinated birds that were 
healthy at time of vaccination and challenge, died. All 10 
unvaccinated isolated controls died of cholera. Forty-four 
sibs of the 10 pullets with fowl pox made an uneventful re- 
covery from fowl pox. 


DISCUSSION 
Although the vaccine used in experiment A contained 
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approximately two and one-half times more organisms than 
the vaccine used in experiments B and C, there was little 
difference in the efficiency of the two vaccines. 

The contrast between the 12 percent death rate of the 
vaccinated males challenged at 16 weeks postvaccination in 
experiment A and the 44 percent death rate of the correspond- 
ing group of males in experiment B was because of mixing 
the males from different houses in experiment B at the time of 
exposure to P. multocida. Likewise, the stress of fowl pox at 
vaccination and challenge times probably accounted for the 
high death rate in experiment C. However, it is not known 
whether the fowl pox virus interfered with the production 
of fowl cholera antibodies or whether the added stress of 
the pox virus at time of exposure to P. multocida accounted 
for the higher rates. 

The aluminum hydroxide adsorbed vaccine did not stimu- 
late a degree of immunity higher than that produced by the 
water-in-oil emulsified vaccine.! However, it has the ad- 
vantages of simplicity of production and ease of adminis- 
tration at low temperatures. 

When a vaccine does not always give protection against 
fow] cholera, we must look for different immunogenic types of 
P. multocida. It was our opinion that only type 1 was neces- 
sary in the production of fowl cholera vaccines. Contrary to 
this , the authors have isolated at least two different immuno- 
genic types from birds with fowl cholera. A vaccine made from 
one type will not protect against the other, but a bivalent vac- 
cine made from the two types will protect against both. We 
also reported! that strains isolated from cattle would not pro- 
duce fowl! cholera. However, we have isolated a strain from the 
nose of a calf that will produce this disease. It was necessary 
to pass the strain through chickens several times in order to 
increase its virulence. Work is now in progress in this labora- 
tory to find different immunogenic strains of P. multocida. 
The authors would appreciate receiving cultures of Pasteur- 
ella accompanied with a short history of each strain. 

Probably one would not vaccinate birds which had an 
intercurrent disease, nor mix unacquainted males during a 
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disease outbreak. However, these experiments emphasize the 
role of good management in the control of disease. 


SUMMARY AND CONCLUSIONS 

As an extension of studies on the use of killed fowl 
cholera vaccine, data are reported on (1) the efficacy of 
aluminum hydroxide adsorbed vaccine (2) the effect of stress 
caused by changing the social or peck order of vaccinated 
males at time of exposure to Pastewrella multocida, and (3) 
the effect of a fowl pox at the time of vaccination, and ex- 
posure to virulent P. multocida. 

An aluminum hydroxide adsorbed killed fowl cholera 
vaccine produced an effective immunity to fowl cholera for 
at least 52 weeks. 

The mixing of unacquainted, vaccinated males at time of 
exposure to P. multocida considerably lowered their re- 
sistance to fowl cholera infection. 

Birds with fowl pox at time of vaccination against and 
exposure to fowl cholera were more susceptible than birds 
that were free of fowl pox at time of vaccination and ex- 
posure. 
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SURVIVAL OF MYCOPLASMA IN BROTH 
AND SEMI-SOLID MEDIA 


By R. F. GENTRY 


Department of Veterinary Science 
The Pennsylvania State University 
University Park, Pa. 


ARIOUS media and culturing techniques have been em- 

ployed for the differentiation of avian Mycoplasma and 
bacterial L-forms. Cultivation of Mycoplasma in media con- 
taining reduced amounts of horse serum had resulted in an 
increased frequency in the recovery of bacteria.© In an 
attempt to duplicate these findings, several strains of Myco- 
plasma were grown in broth media. However, some of the 
cultures failed to grow when the concentration of horse serum 
was reduced much below 10 percent. Failure to survive in 
media with reduced amounts of horse serum made utilization 
of the technique impractical for studies on the possible rever- 
sion of these cultures to bacteria. Therefore, it was considered 
necessary to determine the ability of various strains of Myco- 
plasma to survive transfer in media with different concentra- 
tions of horse serum. 

Domermuth and Gross? obtained good growth of Myco- 
plasma gallisepticum in semi-solid media containing bovine 
serum fraction (Difco). Similar results were obtained at this 
laboratory using semi-solid media with 10 percent horse serum. 
The relative value of semi-solid and broth media for the main- 
tenance of Mycoplasma cultures has not been reported. 


Authorized for publication August 5, 1960 as paper no. 2479 in the 
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The purpose of this study was to determine the effect of 
reduced concentrations of horse serum on the survival of 
Mycoplasma during transfer in broth and semi-solid media. 


MATERIALS AND METHODS 

Media. Beef heart infusion broth and agar, enriched 
with 1 percent proteose peptone no. 3 and 1 percent yeast hy- 
drolysate were used as the base media. Semi-solid media were 
prepared by the addition of 0.2 percent agar to the basal 
broth media. Broth and semi-solid tubes had a volume of 3 
ml of media and horse serum was added in amounts of 0.83, 
0.15 and 0.3 ml which were designated as 1, 5, aond 10 percent, 
respectively. After addition of the horse serum, all tubes were 
incubated at 37 C for 48 hours before inoculation. 

The agar medium was prepared in 100 ml amounts and 
stored at 4 C. When needed, this was melted, cooled to 45 C 
and 10 ml of horse serum added to each flask. The total of 110 
ml was sufficient for approximately 15 petri dishes of 60 
mm. This was designated as non-inhibitor agar. Inhibitor agar 
plates were prepared in the same manner except that thallium 
acetate and penicillin were added with the horse serum in 
amounts sufficient to give a final concentration of 1:4000 
and 500 units per ml respectively.* Plates were incubated 
48 hours at 37 C before inoculation. 

Sufficient 0.1 N sodium hydroxide was added during 
preparation so that all media had a pH of 7.8 after steriliza- 
tion at 121 C for 15 minutes. 

Mycoplasma cultures. Sixteen strains of avian Myco- 
plasma were used. Ten strains failed to produce lesions when 
inoculated into the air sacs of chicks or turkey poults. Colonies 
on agar were the large “fried egg’”’ type. These strains were 
considered to be of the “non-pathogenic” type or Mycoplasma 
gallinarum, The other six strains produced mild to severe 
lesions in the air sacs of turkey poults, usually produced 
smaller colonies on agar and were classified as the “patho- 
genic” type’ or Mycoplasma gallisepticum. The culture num- 
ber, type, and the original source of the individual strains are 
given in table 1. 
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Transfer procedures. Cultures were transferred twice 
weekly for a total of 20 passages. Each strain was carried in 
four broth and four semi-solid media. Three of the broth and 
three semi-solid groups had horse serum present at all times 
at levels of 1, 5, and 10 percent, while in the fourth group, 
horse serum was omitted from alternate passages. In these 
two latter groups, the seed cultures were first transferred to 
media without horse serum. For the second transfer, 10 per- 
cent horse serum was present while the third was again with- 
out serum. Alternate passage with and without horse serum 
continued for 20 transfers or as long as the individual strain 
survived, 

The method of transfer differed for the two kinds of 
media. Broth tubes were tapped gently to resuspend any of the 
organisms that had settled to the bottom of the tube. A pipette 
was then inserted until the tip touched the bottom of the tube 
and 0.3 ml withdrawn. In semi-solid, the growth was usually in 
a narrow band near the top of the medium. Therefore, the 
pipette was inserted to just below the surface and the 0.3 ml 
secured for transfer. The 0.3 ml, which was approximately 
10 percent of the total culture, was used routinely as the 
transfer volume. 

Each of the strains had been through three passages in 
eggs just prior to checking for pathogenicity in chicks and 
turkey poults. Seed cultures were prepared in 10 percent horse 
serum broth using the same source of inocula (harvests from 
the 3rd egg passage) as had been used for the birds. After 
72 hours incubation, the initial transfers were made into the 
eight different media. At the same time a portion of the seed 
culture was titrated® in serial 10-fold dilutions in broth and 
0.1 ml of each dilution immediately plated. Plates were ex- 
amined after 72 hours incubation and the end-points were 
recorded as the highest dilution showing 5 or more colonies. 

Survival of Mycoplasma was determined by plating after 
4, 8, 12, 16, and 20 passages. Heavy growth in broth and 
semi-solid tubes could be easily detected. However, some 
tubes which appeared negative by gross examination, pro- 
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duced abundant growth on plates.. Therefore, direct readings 
from passage tubes were not attempted. 

When bacteria were detected, transfers were stopped, 
and the culture streaked on non-inhibitor agar. After 48 hours 
incubation, single colonies were transferred to 10 percent 
horse serum broth which was incubated 24 hours and then 
streaked on inhibitor and non-inhibitor agar. Plates were 
checked daily through 7 days for Mycoplasma, bacterial growth 
or both for the possible detection of L-form reversion.* 


RESULTS AND DISCUSSION 

The original titers of the various strains ranged from 
10* to 10°. There was no apparent relationship, however, 
between the magnitude of the original titer and subsequent 
survival in the different media. 

All strains in each medium had been plated after 4, 8, 12, 
16, and 20 passages. The last platings to show growth with 
each strain in the different media are listed in table 2. Broth 
with 10 percent horse serum was the only one that supported 
growth of all strains for the full 20 passages. Elimination of 
horse serum from every other passage did not alter the sur- 
vival of the M. gallinarum strains except with strain 14 which 
showed bacteria at the 14th passage. However, three of the 
M. gallisepticum strains apparently failed to grow in the first 
passage which contained no horse serum and were negative 
on the first plating (passage 4). Reduction of horse serum to 
5 or 1 percent still supported growth of most of the strains 
but some became gradually weaker and were negative after 
12 or 16 passages. Strain 52 apparently required a relatively 
high concentration of horse serum since it failed to grow in 1 
percent broth and survived only to the 4th passage in 5 percent 
broth. Strain 32 grew well in broth with 1 percent horse serum 
and its failure to survive with 5 percent horse serum could not 
be explained. 

In semi-solid media, 10 percent horse serum was again 
the most satisfactory with six strains surviving through 20 
passages. One strain, number 34 also carried through all 20 
passages in 5 percent and alternate 0-10 percent media. Most 
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of the other strains survived only 8 to 12 passages or showed 
the presence of bacteria. 

Broth was much better than semi-solid with respect to the 
number of strains that survived all 20 passages. Without 
considering the concentration of horse serum, 48 of the 64 
broth cultures, and only eight of the 64 semi-solid cultures 
were alive at termination of the experiment. Growth in the 
semi-solid tubes was easily detected in early passages. Dense 
bands of the organisms were evident near the top of the 
medium. As the number of passages increased, the band be- 
came less pronounced and what appeared to be individual 
colonies could be seen. In some cases the number of colonies 
gradually decreased, but most frequently a culture that was 
growing well would, for no obvious reason, fail to grow on 
transfer. 

The average survival rates were calculated for each type 
of medium and are given in table 3. The cultures that showed 
bacteria were not included in these calculations. Except for 
broth with 10 percent horse serum, where all cultures sur- 
vived the full 20 passages, the survival rate was higher for 
M. gallinarum than for M. gallisepticum. Also, the survival 
rate increased with increasing amounts of horse serum in 
both broth and semi-solid. 


TABLE III 


Average survival rates of Mycoplasma in broth and semi-solid media 


Transfer media 
Broth Semi-solid 
Serum concentrations Serum concentrations 
Alt. Alt. 
Type 1% 5% 19% 0-10% 1% 5% 10% 0-10% 


M. gallinarum 18.7* 18.0 20.0 18.0 12.0 12.8 17.1 12 
M. gallisepticum 14.7 16.0 20.0 100 80 100 144 11 
All strains 17.1 17.3 20.0 160 108 12.0 16.1 11.6 


* Ave. number of passages survival - cultures showing bacteria not 
included in the calculation. 


The frequency of the recovery of bacteria was much 
greater in semi-solid media than in broth. In semi-solid media, 
18 of the 64 cultures showed bacteria while in broth only 
three of the 64 showed bacteria. If the number of cultures 
showing bacteria were a measure of reversion from bacterial 
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L-forms, the semi-solid media would be considered much the 
best. However, when the bacteria were plated in inhibitor 
and non-inhibitor agar,’ there was no evidence of reversion 
and the bacteria had to be considered as contaminants. Since 
the presence of the bacteria could not be accounted for as 
reversions from L-forms, the reason for the increased fre- 
quency of bacteria in semi-solid media could not be determined. 
All 21 of the bacterial cultures were gram positive cocci and 
identified as Micrococci. 


SUMMARY 

Ten strains of M. gallinarum and six strains of M. galli- 
septicum were transferred in broth and semi-solid media 
containing various amounts of horse serum. Broth with 10 
percent horse serum was the only medium which supported 
growth of all cultures for the full 20 passages. 

The average rate of survival decreased with the reduced 
concentration of horse serum, especially with the semi-solid 
media. The average survival of M.gallinarum was consistently 
better than for M. gallisepticum. 

Bacteria, identified as Micrococci, were recovered from 
16 of 64 semi-solid transfer cultures but from only three of 
64 broth cultures. Testing of the bacteria on differential media 
failed to show evidence of reversion from bacterial L-forms 
and the significance of this difference could not be determined. 
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STUDIES WITH EASTERN ENCEPHALITIS 
IN WHITE PEKIN DUCKLINGS 


By JESSIE I. PRICE* and E. DOUGHERTY 3rd** 


New York State Veterinary College, 
Duck Disease Research Laboratory 
Eastport, Long Island, New York 


HE duck was found to be one of the many domestic ani- 

mals susceptible to intracerebral inoculation of eastern 
encephalitis (EE) virus by Giltner and Shahan.” Howitt* noted 
that Pekin ducks usually succumbed to intracerebral inocu- 
lation of western virus, and Remlinger and Bailly® indicated 
that the mallard duck was susceptible. The first case of EE 
in White Pekin ducklings on Long Island was reported by 
Dougherty et al.! This paper presents some of the data gained 


from preliminary studies of the action of the EE virus upon 
ducklings. 


MATERIALS AND METHODS 

The virus used in these experiments was isolated from 
the brain and spleen of a 2-week-old duckling (accession 
#5536). The organs were ground in Ten Broeck grinders 
with 1.0 ml tryptone broth containing 10,000 units penicillin 
and 10 mg streptomycin. The material was centrifuged and 
.2 ml of the supernatant was inoculated into the yolk sacs of 
6-day-old embryonated chick eggs. The first deaths occurred 
in 18 hours. Six passages of the virus were made in chick 
embryos and the harvested yolk material was used in the ex- 
periment. The virus titer was 107 in chick embryos and 
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107° in 3-week-old white mice. In duckling kidney monocell 
layers, the titer was 10°-*, 

The ducklings used were from two sources. One was 
an upstate New York farm 450 miles from Long Island, and 
the other source was the experimental farm at Eastport, L. I. 
The intramuscular route (IM) of inoculation was chosen be- 
cause previous experiments had shown it to be the most satis- 
factory. 

Immune guinea pig sera for western and eastern encepha- 
litis were used for the neutralization studies. One-half ml of 
serum was mixed with 500,000 embryo lethal doses(ELD) of 
virus and held for 1 hour at room temperature before the 
mixture was injected IM into the birds. 


RESULTS 
The results of the neutralization of duck origin EE virus 


by eastern and western immune sera are summarized in 
table 1. 


TABLE I 
Neutralization in susceptible day old ducklings of EE virus 


(500,000 ELD’s) by immune sera 








Duckling number 
‘ype of sera 1 2 3 4 5 6 
SE serum + virus dead 16 dead dead dead Alive Alive 
hrs.* 30 hrs. 30 hrs. 30 hrs. 
NE serum + virus dead 25 dead dead dead dead dead 
hrs. 30 hrs. 30 hrs. 30 hrs. 30 hrs. 30 hrs. 
jirus dead dead dead dead dead dead 
2hrs. 23 hrs. 25 hrs. . 25 hrs. 30 hrs. 30 hrs. 
ontact controls dead Alive Alive Alive Alive Alive 





Time post challenge 


These ducklings were from the upstate New York farm; 
it can be noted in the table that one of the contact controls 
died in 30 hours, and EE virus was recovered from the brain. 
The experiment had been carried out in a Rockefeller type 
isolation building which was free of mosquitoes and flies. 

One-week-old ducklings from the Long Island experi- 
mental farm were inoculated intramuscularly with 500,000 
ELD of the virus and bled hourly for the first 6 hours and 
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TABLE II 
Virus levels in the blood of 1-week-old ducklings inoculated intramuscularly with EE virus 


Time in hours 
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thereafter at 6 hour intervals through 80 hours post-inocula- 
tion. The serum was titrated in 6-day-old embryonated chick 
eggs. At 1 hour the embryo LD» of the blood virus level was 
3.9* (approximately the dilution of the inoculum in the body 
fluids). The peak was reached in 4 hours as shown in table 
2. No virus was detected after 48 hours. 

Six old breeders from the laboratory flock were test bled 
prior to IM inoculation with 500,000 ELD of the virus. Neither 
virus nor SN antibodies were present. The birds were bled at 
4, 24, 48, 72, and 96 hours. The virus blood levels are given in 
table 3. 


TABLE III 


Virus and SN levels in the blood of old breeders inoculated 
intramuscularly with EE virus 


Time in hours 





SN titer pools 

Duck Sn titer Pre-inoc 4 24 48 72 96 at 96 hours 

1 0.0 0.0 2.3 2.7 0.0 0.0 0.0 

2 0.0 0.0 4.0 2.5 0.0 0.0 0.0 3.2 

3 0.0 0.0 3.0 2.4 0.0 0.0 0.0 

4 0.0 0.0 1.6 2.6 2.0 0.0 0.0 

5 0.0 0.0 1.6 2.4 0.2 0.0 0.0 4.5 

6 0.0 0.0 1.6 2.5 0.7 0.0 0.0 
Average 0.0 0.0 2.4 2.5 0.5 0.0 0.0 3.8 





The greatest concentration of virus in the samples was at 
4 hours in two birds and 24 hours in four birds. No virus was 
present after 48 hours. 

An experiment was designed to show the comparative 
virus levels in 1-week-old ducklings and 1-week-old chickens. 
The birds were divided into two groups. One group, ducks 
and chickens, received the high level of virus, 500,000 ELD, 
and the second group received a low level, 100 ELD. Two 
chickens and two ducks in each group were bled at 1, 4, 8, 
24, 48, 72, 96 and 120 hours. At 8 hours the average titer in 
the ducks was 4.6 and 4.8 in the chickens. At 72 hours the 
duck average was 0.0 and the chickens average was 0.1 (table 
4.) There was no virus present in the chickens 24 hours later. 


* The logarithmic LD» is expressed as the exponent of the reciprocal 
of the end point dilution throughout this paper. 
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TABLE IV 


Blood virus titers of 1-week-old ducklings and chicks infected with 
100 and 500,000 ELD». EE virus 


Inoculum 100 ELD» EE virus 


Time in hours 
2 48 





4 
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Duck 2 
Average 
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The peak was reached at 8 hours in both ducks and 
chickens receiving 500,000 ELD of virus. The level in both 
was 6.4, and both groups fell rapidly after that. The ducks 
were negative at 48 hours, but the level in the chickens was 
2.2. There was no detectable virus in the chickens at 72 hours. 
These results are shown in table 4. 


SUMMARY 

There was neutralization of the duck origin EE virus 
when mixed with eastern encephalitis immune guinea pig 
serum and inoculated into 2 day old ducklings. No neutraliza- 
tion occurred when western encephalitis serum was used. 

The blood virus levels reached a peak from 4 to 8 hours 
in 1-week-old ducklings and fell to 0 from 48 to 54 hours after 
injection of either 100 ELD of virus or 500,000 ELD of virus. 
Approximately the same blood virus levels were reached 
in 1-week-old chickens in 8 hours, but the titers fell to 0 in 
72 hours. 

The virus level rose only to 2.5 in 24 hours in breeder 
ducks and dropped to 0 in 72 hours. 





ORGANISM OF ULCERATIVE ENTERITIS 449 


REFERENCES 


1. Dougherty 3rd, E., and J. Price. Eastern encephalitis in White 
Pekin ducklings on Long Island. Avian Dis., 4, 247, 1960. 

2. Giltner, L. T., and M. S. Shahan. The present status of infectious 
equine encephalomyelitis in the United States. Jour. Am. Vet. Med. 
Assoc., 88, 363, 1936. 

3. Howitt, Beatrice F. Comparative susceptibility of wild and dom- 

estic birds and animals to the western virus of equine encephalo- 

myelitis (Br. strain) in California. Jour. Infect. Dis., 67, 177, 1940. 

Hwang, J., and E. Dougherty 3rd. Unpublished data. 

Remlinger, P., and J. Bailly. Transmission de |l’Encéphalomyélite 

Argentine des Equidés a’l’Oie, au Canard, a’la Buse et au Merle. 

Comp. Rend. du la Soe. de Bio., 121, 146, 1936. 


ae 


FURTHER STUDIES ON THE CAUSATIVE 
ORGANISM OF ULCERATIVE ENTERITIS* 


By M. C. PECKHAM 


Department of Pathology and Bacteriology 
New York State Veterinary College, Ithaca, N. Y. 


INCE our original report describing the isolation of a 
bacterium from chickens capable of producing ulcerative 
enteritis in quail, (Colinus virginianus), subsequent studies 
have been made of this bacterium. In addition, investigations 
have been made of field outbreaks of ulcerative enteritis occur- 
ring in quail, turkeys, and chickens. 

The chickens were from 5 to 10 weeks old and the poults 
were 4 to 7 weeks. Most of the cases of ulcerative enteritis 
in chickens and turkeys were preceded or accompanied by 
coccidiosis. Many of the cases were receiving sulfonamid 
medication. The most frequent sites of lesions in chickens 
were the intestine and ceca. The lesions consisted of small, 


* Presented at the 32nd Northeastern Conference on Avian Diseases, 
June 27-29, 1960, at the University of Maine, Orono, Maine. 
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hemorrhagic areas in the early stages with the gradual de- 
velopment of ulcerations in the mucosal surface. Perforation 
of the ulcers and peritonitis occurred in advanced cases. 
Occasionally, the mucosal surface consisted of a necrotic, 
diptheritic membrane. Although not always present, liver 
lesions consisted of focal, necrotic areas, irregular mottled 
areas, dark yellow focal areas surrounded by a light yellow 
halo and large, irregular, yellow necrotic areas particularly 
on the edges of the liver (figures 1, 2). Enlarged, hemor- 


Fig. 1. Necrotic foci in the liver of a chicken with ulcera- 
tive enteritis. 


rhagic spleens were frequently present (figure 2). A mortality 
of 1 to 5 percent was reported in these cases. 

In poults, intestinal lesions were either crater-like, cir- 
cumscribed ulcers or a brownish, necrotic, diphtheritic mem- 
brane occupying the middle third of the intestine (figure 3). 
This diphtheritic membrane in poults appeared similar to the 
lesion produced by Himeria brunetti infection in chickens. 
Focal, yellow, necrotic areas were occasionally found in the 
liver. Stained smears of the necrotic foci occurring in livers 
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from quail, chickens, and poults revealed Gram positive rods, 
free spores and rods with subterminal spores. 


EXPERIMENTAL 

Isolations of the organisms. A total of 20 different iso- 
lations of the bacterium were made from quail, chickens, and 
turkeys infected with ulcerative enteritis. Isolations were 
made from quail blood, liver, intestine, and intramuscular 
fluid. All isolations with the exception of three were made by 
the inoculation of 5 to 6 day embryos. Following intraperi- 
toneal injection of quail, three isolations were made by inocu- 


Fig. 2. Large, irregular, necrotic areas (arrows) on the 
edges of a liver from a chicken with ulcerative enteritis. Note 
enlarged hemorrhagic spleen. 


lating pieces of quail livers into thioglycollate. Isolations 
made by inoculation of embryos are listed in table 1. 
Cultural studies. Growth under normal atmospheric con- 
ditions was established in thioglycollate medium enriched 
with 3 to 10 percent horse serum or defibrinated horse blood. 
This growth occurred as a wool pack in the lower two-thirds 
of the tube after adaptation. The inocula for thioglycollate 
were yolk cultures, yolk agar cultures, and liver tissue from 
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quail which died following intraperitoneal injection. After 
eight to ten serial passages in thioglycollate, growth was es- 
tablished on yolk agar, PPLO agar with 3 percent serum frac- 
tion and 5 percent horse blood agar incubated in 10 percent 
CO,, 63 percent methane, and 27 percent air. Initially, light 
growth occurred in 48 hours as discrete, smooth, raised, white, 
circular colonies 1 to 2 mm in size. After adaptation, the 
growth was not as moist and became confluent. Growth was 
also obtained when yolk cultures were seeded on yolk agar 
and blood agar in the same mixture of gases. However, cul- 
tures on agar seeded with yolk inoculum were difficult to 


Fig. 3. Necrosis and sloughing of the intestinal mucosa of 
a-poult with ulcerative enteritis. 


maintain serially and usually failed to grow after several 
passages. 

Growth was.established on Dorset’s egg slants without 
glycerol and on Loeffler’s serum agar slants inoculated with 
thioglycollate cultures. Consistent fermentation. results were 
not obtained in carbohydrate media. The use of a staphy- 
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lococcus streak on blood agar with or without reduced oxygen 
tension did not enhance growth. 

It was noted that variations in morphology occurred with 
continued passage in artificial media. In addition to the rod 
forms, coccoid forms and chains were sometimes seeen. How- 
ever, even after 14 serial passages in embryos, the organism 
still retained its rod morphology. 

Spores were demonstrated in growth on blood agar, in 
thioglycollate cultures and in yolk from 7 to 9 day embryos. 
Spores were more numerous in early embryo passages. Spores 
could not always be demonstrated in cultures on artificial 
media. 

TABLE I 


Isolations of the ulcerative enteritis bacterium 


Medium inoculated 


Source of inoculum Tissue cultured 


Quail fed infected quail intestine Blood Embryo yolk sac 
Quail fed yolk from second 
embryo passage Liver Embryo yolk sac 
Quail fed yolk from embryo inoc- 
ulated with 5th passage 
thioglycollate culture Liver Embryo yolk sac 
Quail fed chicken intestine with _. 
ulcerative enteritis Liver Embryo yolk sac 
Quail fed intestinal suspension Liver Embryo yolk sac 
Quail fed intestinal suspension Liver Embryo yolk sac 
Quail natural infection Liver heated 60 C 
15 minutes Embryo yolk sac 
Quail natural infection Liver heated 60 C 
15 minutes Embryo yolk sac 
Quail fed infected quail intestine Liver Embryo yolk sac 
Quail injected intramuscularly Pectoral muscle 
with yolk culture fluid Embryo yolk sac 
Quail natura] infection Intestine heated 
70 C 10 minutes Embryo yolk sac 
Quail injected intraperitoneally 
with yolk culture Liver Embryo yolk sac 
Quail natural infection Liver heated 70 C 
10 minutes Embryo yolk sac 
Quail natural infection Liver heated 70 C 
20 minutes Embryo yolk sac 
Chicken Liver heated 70 C 
60 minutes Embryo yolk sac 
Chicken Liver heated 80 C 
20 minutes Embryo yolk sac 
Turkey Liver heated 70 C 
45 minutes 


Embryo yolk sac 


Transmission studies. Quail were readily infected by 
oral inoculation of intestinal suspensions taken from field 
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cases of ulcerative enteritis occurring in poults, chickens, and 
quail. Death usually occurred within 3 to 12 days with in- 
testinal and liver lesions identical to those seen in field cases. 
Quail were also infected by feeding necrotic livers taken from 
chickens and turkeys affected with ulcerative enteritis. 

Yolk cultures were pathogenic for quail when administered 
by the oral, intramuscular and intraperitoneal routes. Death 
usually occurred within 1 to 3 days following intramuscular 
and intraperitoneal inoculation and within 3 to 12 days follow- 
ing oral inoculation. A white area occurred at the site of 
intramuscular injection and there was increased fluid be- 
tween the muscle layers. If death occurred early, the intestinal 
lesions produced by intraperitoneal or intramuscular injection 
were either a markedly reddened mucosa or newly formed, 
acutely inflamed ulcers and if death was delayed several days, 
the ulcers became necrotic, The livers had a mottled appear- 
ance. Birds that died after feeding of yolk cultures had in- 
testinal and cecal ulcers that varied in number and severity. In 
some cases, perforation accompanied by peritonitis occurred. 
Enlarged, hemorrhagic spleens were often present. The livers 


TABLE II 


Effect of storage, heating and in vitro cultivation on the pathogenicity 
of yolk inoculum for quai] 


Treatment of inoculum 





Temper- Subseauent Pathogenicity 
[Inoculum Duration ature cultivation* for quail 





Yolk 5 serial embryo 
passages + 

Yolk 4 and 5 thioglycollate 
passages followed by 
embryo yolk sac 

Quail 

intestine 5 months 20C 

lst passage 

yolk 14 months 20 

4th passage 

yolk 12 months 20C embryo yolk sac 

lst passage 

yolk 3 hours 70 embryo yolk sac 

Yolk 10 minutes 80 C yolk sac—80 C 1 hour— 
embryo yolk sac 

Yolk 15 minutes 80 C embryo yolk sac 

Yolk 3 minutes 100 C embryo yolk sac 





* Cultures in embryos resulted in death of the embryos 
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were mottled and often contained 1 to 2 mm gray, necrotic 
areas or larger, irregular yellow, necrotic areas. A smear of 
the necrotic liver lesions revealed Gram positive rods, free 
spores, and rods with subterminal spores. 

Quail did not become infected with any cultures grown 
on artificial media. However, cultures passed four and five 
times in thioglycollate followed by one embryo passage were 
pathogenic when fed to quail. Other inocula were subjected 
to various treatments and still retained their pathogenicity 
(table 2). 
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SUMMARY 

Naturally occurring outbreaks of ulcerative enteritis in 
chickens, turkeys, and quail have been encountered. From 
these cases a Gram positive, spore forming rod was isolated 
in embryos by inoculation of liver or intestinal suspensions. 
Some of these inocula were heated: for varying periods to a 
maximum of 70C for one hour prior to embryo inoculation. 
Growth of the bacillus was established in thioglycollate media 
enriched with 3 to 10 percent horse serum. Initially, growth 
was obtained on solid media incubated under reduced oxygen 
tension. Subsequent growth was obtained under aerobic con- 
ditions on yolk agar, PPLO agar with 3 percent serum fraction, 
5 percent horse blood agar, Loeffler’s serum agar slants and 
Dorset’s egg media. Cultures grown on artificial] media lost 
their pathogenicity for quail. 

The organisms isolated from quail, turkeys and chickens 
possessed similar characteristics and produced lesions typical 
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of ulcerative enteritis when yolk sac cultures were fed to quail. 
The organism was reisolated from quail which died following 
oral administration of yolk cultures. The bacterium was also 
pathogenic for quail by the intramuscular and intraperitoneal 
routes. Yolk cultures heated at different temperatures up to 
80 C for varying periods up to one hour remained pathogenic 
for embryos. Yolk cultures remained pathogenic for quail 
after storage at 20 C for 12 months. 
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ANTIBIOTIC RESISTANCE AND MUTATION 
RATES OF MYCOPLASMA* 


By CHARLES H. DOMERMUTH 


Department of Veterinary Science, Virginia Polytechnic Institute 
Virginia Agriculture Experiment Station, Blackburg, Va. 


NTIBIOTIC-RESISTANT strains of Mycoplasma (avian 
Oe i cccotendamanaiie organisms, PPLO) have been se- 
lected by in vitro® and in vivot* methods. The in vivo studies 
indicate that PPLO rapidly develop resistance to streptomycin, 
that resistance to the tetracycline group of antibiotics is de- 
veloped only with comparative difficulty, and that resistance 
to erythromycin is not developed. The last conclusion probably 
was due to the fact that the particular test strain of PPLO 
observed had not been sensitive to erythromycin originally. 
The in vitro study indicates that PPLO resistance to strepto- 
mycin increases in the one-step manner characteristic of 


* Supported in part by funds provided by the Animal Disease and 
Parasite Research Division, A.R.S., U.S.D.A., in the cooperative project 
on chronic respiratory disease. 

Presented at the 32nd Northeastern Conference on Avian Diseases, 
June 27, 28 and 29, 1960, University of Maine, Orono, Maine. 
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bacteria. Mutation rates to increased resistance were not cal- 
culated in any of these studies. 

Since complete information is not available concerning 
the way in which and the rate at which PPLO mutate to in- 
creased antibiotic resistance, it seemed desirable to continue 
studies to provide more information of this type. The purpose 
of this paper is to report the results of such a study. 


MATERIALS AND METHODS 

The Winchester (W) PPLO strain was used as the test 
strain in this study. The W strain was ideal for a study of 
this type because it was isolated in 1950 at this laboratory® 
before the general use of antibiotics, and has been carried in 
ovo without exposure to antibiotics since that time. It has also 
retained its original high degree of pathogenicity and is re- 
garded as a typical pathogenic avian PPLO.’ The strain used 
in this study was freshly isolated from an in ovo stock culture 
and propagated in media* for from 22 to 35 passages before 
being used. 

The antibiotics used in this experiment were dihydro- 
streptomycin sulfate, erythromycin, tetracycline hydrochloride 
and chloromycetin. Media were prepared either with no anti- 
biotics, or by the addition of antibiotic sufficient to give post 
inoculation concentrations of 0.1, 1.0, 10, 100, 1,000, or 10,000 
microgram/ml of medium.** Each of the tubes thus prepared 
were inoculated with 1.0 ml of inoculum making a total of 10 
ml per tube. The inocula were prepared by making 10 fold 
dilutions, ranging from undiluted through 107°, of a 3 day 
broth culture of the W strain. These cultures were incubated 
at 37 C for one month and observed twice weekly for presence 
or absence of visible turbidity throughout that period of time. 
The cultures which had developed from the smallest number 
of PPLO in each concentration of each of the antibiotics were 
subcultured and each subculture was again prepared and ob- 
served as above. 


* Difco PPLO broth without crystal violet, 1% Difco PPLO serum 
fraction, 1/4000 parts thallium acetate, 1,000 units penicillin per ml, 
final pH adjusted to 7.8. 

** Difco PPLO broth without crystal violet, 1% Difco PPLO serum 
fraction, 1/4000 parts thallium acetate, adjusted to a final pH of 7.8 
after the addition of antibiotic. 
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RESULTS 

Erythromycin (table 1). One in 10* to one in 10° (mu- 
tation rate — number of resistant organisms/number of 
normal organisms®) viable PPLO units which had not been 
previously exposed to antibiotics were found to be resistant to 
low levels (0.1 and 1.0 microgram/ml) of the antibiotic. 

The cultures which had been exposed to 0.1 (tube b, table 
1) and 1.0 (tube c, table 1) micrograms/ml of erythromycin 
grew in 10 micrograms/ml] (the culture from tube b) and 100 
micrograms/ml (the culture from tube c) respectively. Thus, 
in both instances, one in 10° viable PPLO units were capable 
of growing in an antibiotic concentration 100 times greater 
than they were previously capable of and thus exhibited a dis- 
tinct rapid “step-wise” mutation to increased resistance. 

The fact that the concentration of viable PPLO units, 10° 
and 10‘/ml in the unexposed culture and in the unexposed cul- 
ture from tube a, respectively, was less than the normal 
maximum of 10° to 10° ml which is usually obtained for this 
type of culture, together with the observation that smaller 
mutation rates are obtained when a greater number of viable 
units are assayed (both here and following), suggests that 
mutation rates less than 1 in 10° are artifacts produced by 
the clumping of viable cells. The formation of viable units thus 
would reduce the apparent number of normal cells, the number 
of mutant cells assayed would remain unaffected, thus causing 
the apparent mutation rate to be greater. 

Streptomycin (table 2). One in 10° viable PPLO units 
which had not been previously exposed to antibiotics were 
found to be resistant to as much as 10,000 micrograms/ml of 
streptomycin. Again, as with erythromycin, the concentration 
of viable PPLO units in these cultures was somewhat less 
than the normal] maximum; thus, the mutation rates calculated 
for these two cultures are also greater than might be expected 
if a larger number of viable units had been assayed. The cul- 
tures which had been exposed to 0.1 (tube b) and 1.0 (tube c) 
micrograms/ml of streptomycin had not changed their degree 
of resistance to the antibiotic following these single exposures 
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but mutated when subcultured in all concentrations of anti- 
biotic at the rate of 1 in 10° to resistance to as much as 10,000 
micrograms/ml. Thus, these cultures behaved as the controls 
but exhibited a somewhat smaller mutation rate perhaps as 
indicated previously, because a larger number of viable units 
was assayed. Cultures previously exposed to 10 (tube d), 100 
(tube e) and 1,000 (tube f) micrograms/ml of streptomycin 
contained populations which were refractory to all concen- 
trations (0.1 through 10,000 micrograms/ml) of the anti- 
biotic. These cultures thus exhibited a “one-step” mutation to 
increased resistance to streptomycin. The culture which had 
been exposed to the 10,000 microgram/ml (tube g) exhibited 
only a slight increase in resistance and mutated at the rate of 
one in 107 to increased streptomycin resistance. 

Tetracycline (table 3). No mutation to increased tetra- 
cycline resistance was noted wnder the conditions of this ex- 
periment (see discussion). The growth of PPLO was sup- 
pressed and retarded directly in relation to the concentration 
of the antibiotic. 

Chloromycetin (table 3). No mutation to increased 
chloromycetin resistance was detected under the conditions of 
this experiment (see discussion). The growth of PPLO was 
again suppressed and retarded directly in relation to the con- 
centration of the antibiotic. 

It is of interest to note the growth pattern of the various 
PPLO cultures with respect to the concentration of viable 
PPLO units throughout the experiment. Most frequently 
maximum growth (as indicated by viable titer) was estab- 
lished within the first three weeks of incubation. However, in 
some instances as many as 2 or even 3 weeks were required 
for maximum growth to occur. 


DISCUSSION 
In a study of this type it is essential, of course, that the 
the test organism must never have had any contact with 
antibiotics and be typical of the group of organisms one wishes 
to study. Fortunately, as far as can be determined, the W 
strain fulfilled these requirements. 





*‘pe}Ie}Jep SBM BdURISISeI posBaroUI 
0} UOTZEINU OU (UOIZBIZUSDUNI DIZOIQIZUB UI SesBoeIDUT P[OF OT pue oj 
ainsodxe e[SuIs) SUOI}IpUOD asey} JepuN ‘snyy ‘UudIzeI}ZUaDU0D dJIZOIQIZUB 
0} UOI}PB[IL YOOIIP UL pessoiddns sem saiINj[Nd 9894} JO YAMOID yyy 
"YPMOIZ pozBlzIUL YOIyM (ZO[ 244 JO [vd01dWa4 OY 
$B pesseidxa) UOI}NI[IP WIn[NdOU! 4seqveId 9Y4 JUeSeIdeI sON[eA yy 
*9UI[DADVIZO} JO UOTZIPPS 9Yy} 19zZe g°y Hd 04 paysn[pe oze}008 UNIT BY 
syed Q00F/T PUue UolJoBAZ UNITES %T YUM Y{0IQ OTdd FIC « 





= 
we 


(9) 9qnz worJ 
peinz[noqns 
‘pesodxg 


nos 





xoSo 

= cooo|icoo 
ao 
re 


(q) eqnq woaz 
painy[noqns 
‘pesodxg 





oe 


(8) oqnz woz 
pein3zjnoqns 
‘pesodxeuy 


— 


xoo 


T 
& 
6 





aS 
m= 


ne° 
ooooc|cooo 


& € ()¢§ & & 
3S 3 3 3 o (9)Z 
v v v v b (8)F 


YIMOIT PozPVipIUL YOryM UON[Ip wnNpnosoU! 499}82ID 80381 OUT]IAIVI4O4 OUT[IAIBI304 09 
uo1zR yn [WU /sULBIZ0III TY aiusoadxe 101g 


pesodxeuy 











Lz %% 0 Lt et ot 
uoI}ejnooUL jsod sARqg 


Z 
S 
& 
< 
~ 
= 
a 
Zz 
< 
gy 
Oo 
Z 
< 
ee 
Ke 
n 
a 
fo 
< 
= 
n 
a 
— 
Ay 
oO 
oO 
a 
= 


aul[oA0V1104 0} O'Idd JO S2}81 UOIZeyNU PUY dOUBYSISO 404710 U2 OY 


III ATa& VL 





js} 
~ 
~ 
= 
me 
a 
= 
° 
A 
js 2} 
nn 
re] 
4 
me 
< 
j=} 
oO 


19 09 


*poydojep SBM BIUBYSISAI PesvatOUI 
0} UOIZeINUL OU (UOIZBIZUSDUOD JIZOIQIJUB UI SeSBaIDUI P[OJ OT pues oy 
aInsodxs s[SuIS) SUOI}IPuod vSey} JepuN ‘snyy !UOIZVIQUsDUOD dIIZOIGIZUe 
0} UOIZB[AI AIIP UI passeiddns s¥eM SoaInz[Nd 9Sey JO YIMOID 44, 
"YJMOIS pozerzIUl YOIyM (Sol oyy JO [woo01d1901 
ay} SB passeidxe) UOIZN[Ip WN[NdOUI 4se}¥ve1d OY} JUSSaIdeI SONIA 4. 
‘uIZIDAWIOIO[YO JO UOIPIppe ey} Jaqze g*y) Pd 07 poysn(pe o3ze}00e8 WNT] 
-[2Y4} Sz1ed YOOF/T PUB UOTJOVIZ WINIAS %T YIM YIOIG OTdd FIC + 


0°00T 
0°0T 


mo 
> 


3% 3 
& § 
g g 


(9) eqny worz 
peinznoqns 
‘posodx |] 





noe 

soo 

ecs i) 
me 


(q) eqnq wosz 
pein}noqns 
pesodxy 





2° 
os/co 
sso 
ere 


no 
oo 
ne 


(8) eqn} wor 
peiny[noqgns 
pesodxeup 





aa 
=5|° 
= 


3S 3S 3 oS ()Z 
v v b 6(Q)P v 
g g g (®)¢ g 


YIMOIZ PozPVIpIUL YOrYM UOMN[Ip uNpNooUL 4s8ezRe1D so}Ul UIJADAWIOIO[ YO 
UOIZRIN [WL /SWRIFOIIIIK 


os 


bz 02 LT eI OL 
UOIzB[NIOUL 4sOg SARC 


UIJ@DAULOIOTYD 03 OTdd JO Sezer uolzeynu puUe ddUBYSISET ,0.172AU2 OUT 


AI GTaViiL 


pesodxeuy 


UIVIAWOIO[ YO 0} 
ainsodxe 10g 





MYCOPLASMA RESISTANCE AND MUTATION 465 


It is apparent that the W strain of PPLO exhibited “one- 
step”? mutation to streptomycin and rapid “step-wise”! mu- 
tation to erythromycin at mutation rates of approximately 1 
in 10.8 This mutation rate is within the normal range of 1 in 
10° to 10'* found for mutation to streptomycin resistance® by 
various bacteria. 

Since studies of this type frequently are used to compare 
one antibiotic or type of antibiotic against another for thera- 
peutic purposes, it must be emphasized that this study was 
designed to determine the mutation characteristics of PPLO 
to increased antibiotic resistance following only a single ex- 
posure to the antibiotic. It must also be noted that the test 
antibiotic concentrations were spaced in 10 fold increments. 
If PPLO develop antibiotic resistance as bacteria do (the evi- 
dence presented in this paper indicates that this is true for 
streptomycin and erythromycin), mutants to increased tetra- 
cycline and chloromycetin resistance would not be detected by 
the methods used in this experiment, but would be detected 
only if antibiotic concentrations were increased in two fold 
increments.' Therefore, the only valid comparative inferences 
that can be made from this study are that streptomycin in 
particular must be used at high initial levels in order to pre- 
vent the selection of resistant PPLO and even then resistant 
forms may develop; and, that erythromycin must also be 
used with discretion and only at reasonable therapeutic levels. 
Although it cannot be concluded from this experiment, it is 
well to remind ourselves at this point that the in vivo use of 
any antibiotic at subthereapeutic levels over a period of time 
invites the selection of antibiotic resistant microorganisms.!° 
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SUMMARY 

One-tenth, 1.0, 10, 100, 1,000 and 10,000 microgram/ml 
concentrations of streptomycin, erythromycin, tetracycline 
and chloromycetin were tested for their ability to inhibit the 
growth of medium-adapted 72 hr. serially diluted populations 
of the “W” strain of Mycoplasma. The presence or absence 
of growth as judged by visible turbidity was recorded twice 
weekly for one month following inoculation. Tubes containing 
the smallest population of Mycoplasma capable of initiating 
growth in each of the antibiotic dilutions were sub-cultured 
and again observed as described above. The data thus ob- 
tained indicated that streptomycin resistance increased in 
one-step and that 1 in 10° cells were resistant to high concen- 
trations of streptomycin; and, erythromycin resistance 
occurred in a step-wise manner and that 1 in 10° cells were 
resistant to increased concentrations of erythromycin. Muta- 
tion to tetracycline or to chloromycetin resistance was not 
detected, probably because antibiotic concentration was in- 
creased in 10 fold increments and the culture was exposed to 
the test antibiotics only once; however, a gradual suppression 
of growth in direct relation to antibiotic concentration was 
observed. 
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LTHOUGH vaccination against infectious laryngotrachei- 
tis (IL) has been practiced for many years, there are 
still many unknown factors regarding the mechanisms of this 
process. The quality of vaccine has been greatly improved over 
the past years by the use of the embryonated chicken egg in 
its preparation. The immunity produced has always been said 
to be of the most durable type. It has only been in the last few 
years that interest has been rekindled in finding better methods 
of applying the vaccine as well as in determining the most 
efficient age of birds for vaccination. Does parental immunity 
exist in this disease and if so, does it have an influence on 
active immunization? What is the effect of age on the ability 
of the bird to respond to a vaccine? The research reported 
here is an attempt to obtain information about some of these 
factors. 
MATERIALS AND METHODS 
The part of the report which deals with parental im- 
munity is essentially a continuation of the previously reported 
work by Benton et al.1 and materials and methods are either 
similar or identical to those already described. This work was 


*Published as miscellaneous paper No. 365 with the approval of the 
Director, Delaware Agricultural Experiment Station. 

Presented at the 32nd Northeastern Conference on Avian Diseases, 
June 27-29 1960, University of Maine, Orono, Maine. 
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divided into two experiments. Experiment I was designed to 
study the influence of parental immunity on the reaction of 
young chickens to I.L. vaccination. Chicks were obtained from 
the same parent flock used by Benton.'! This adult group of 
45 Single Comb White Leghorn chickens was divided into two 
groups at 30 weeks of age. Group I included 18 females and 
four males and was not vaccinated for IL. Group II, contain- 
ing 19 females and four males, was vaccinated with a com- 
mercial IL vaccine by the vent brush technique at 30 weeks 
of age. This vaccine had a 50 percent embryo infective dose 
(EID,,) of greater than 10°°°. The immunity of each group 
was determined from time to time by the serum neutralization 
(SN) test which was done in the manner described by Benton 
et al.2 except that the eggs of the SN test were examined on 
the 7th day after incubation. The serums were stored frozen 
at -15 C and were not heat inactivated before use in the SN 
test. Eggs from these two groups of adult birds were saved 
during the 7th week after vaccination and stored in an egg 
cooling room until set for incubation and hatching. 

The chicks from each group were hatched separately. 
Each chick was identified by wing banding. Vaccination of 
the chicks in this experiment was accomplished by the cloacal 
drop method with a 1:10 dilution of a virus derived from the 
same commercial vaccine as used on parents. This virus was 
passed in embryonated chicken eggs and the vaccine was pre- 
pared as described below. At the time of embryo mortality or 
on the 5th day after injection, the eggs were removed from 
the incubator and chilled. The chorio-allantoic membranes 
(CAM) of the embryos with typical lesions of IL were re- 
moved aseptically. A 1:2 weight-volume dilution was made by 
grinding the membranes in the harvested chorio-allantoic fluid 
(CAF) from the same eggs. For the vaccination of chicks, 
this material was diluted 1:5. Thus the final vaccine was a 
1:10 dilution of the original membrane on a weight-volume 
basis. The titer of each virus used for challenge or vaccination 
was determined in embryonated eggs. Each vaccinated bird 
was examined for a cloacal reaction “take” on the 3rd day 
after vaccination. 
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The chicks within each progeny group were divided into 
three lots and vaccinated at 8, 14, and 21 days of age, respec- 
tively to determine the influence of age on vaccination. The 
vent drop method was used with a vaccine of an EID,, titer 
greater than 10*5°. Immunity or susceptibility was deter- 
mined by an intrasinus challenge (right sinus) of 0.1 ml of a 
10° dilution of the same virus used for the vaccine (EID,, 
10-*-°° for 8 days, all others 10+). This challenge was done 
28 days after vaccination. Several chicks from each age group 
picked at random (immune and non-immune parents) were 
held in isolation as non-vaccinated controls. These control 
chicks were also challenged at the same time as the vaccinated 
chicks. Blood samples were taken at 21 days post vaccination 
to determine the neutralizing index of the serum. Suscepti- 
bility to challenge was determined by examining the birds 
on the 3rd through the 6th day after the intrasinus inoculation. 
Swelling of the sinus (with or without nasal exudate and/or 
lacrimation) indicated susceptibility. 

Experiment II was designed to test the immunity to IL 
when it was combined with Newcastle and infectious bron- 
chitis virus and applied by the vent drop technique at 2 weeks 
of age. In this work, 240 straight run chicks from the Uni- 
versity of Delaware Poultry Farm were used. They were 
divided into three groups as follows: 

Group I—100 birds vaccinated by the vent drop method 
at 2 weeks of age with a vaccine which con- 
tained the B, type Newcastle virus, the modi- 
fied Luginbuhl (Mass.) strain of infectious 
bronchitis virus and laryngotracheitis virus. 

Group II—100 birds vaccinated as Group I, except that a 
B‘ strain Newcastle virus was used instead of 
the B! type Newcastle virus. 

Group III—40 birds not vaccinated and used as controls. 

The vaccinated birds were examined for laryngotracheitis 
takes on the 5th day after vaccination. At 5 and 10 weeks of 
age birds were removed from each of the three groups for 
challenge as follows: 20 birds for IL challenge, 20 for New- 
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castle challenge. The IL intrasinus challenge was used as in ex- 
periment I. The Newcastle challenge was accomplished by the 
intranasal instillation of one drop of GB Newcastle virus in a 
10°°-° dilution. 

Another part of the experiment included four lots of birds 
which were obtained from commercial broiler flocks. These 
birds had been vaccinated against IL by the vent drop tech- 
nique at 7 days of age. These four lots represented 34,000 
birds. They were transported to the laboratory and -were 
challenged for IL and Newcastle disease at 32 days of age, at 
45 days of age and at 66 days of age. Ten birds were included 
in each test lot. 


RESULTS 

Eperiment I. Of the chicks vaccinated at 8 days of age, 
all 10 from the non-immune parents showed a vaccination take 
while nine of 10 from immune parents exhibited a take. The 
results of SN tests on serum obtained 19 days after vaccination 
as well as the results of intrasinus challenge on the 27th day 
after vaccination are shown in chart 1. The challenge virus 
had a titer of 1074’. 

Of the chicks vaccinated at 14 days of age, six of the 10 
from the immune parents exhibited a vaccination take while 
eight of the 10 from non-immune parents showed takes. The 
challenge virus had an EID,,, of 10+. 

Of the chicks vaccinated at 21 days of age, all birds of 
both groups showed takes following vaccination. 

It is apparent that only minor differences existed in the 
ability of these chicks to react to the vaccination stimulus. 
The sinus reaction of a bird could not be related directly to the 
neutralization index of the serum. 

Experiment II. Nine of 20 chicks in Group I and six of 
20 in Group II of chicks vaccinated at 2 weeks of age by the 
vent drop technique were susceptible to IL at 5 weeks of age 
and almost all were susceptible at 10 weeks of age. The birds 
resisted a Newcastle virus challenge at both ages (table 2). 

The result of SN tests for IL on these same birds is shown 
in table 3. It is to be noted that results of the SN tests did 
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TABLE I 


Results of challenge and serum neutralization tests of chicks from im- 
mune and non-immune parents 


Results of intrasinus 
challenge 
Number susceptible Serum Sinus 
Source of Vaccination over number neutralizing reaction 
chicks age challenged index same chick 


Non-Immune 
parents 8 days 1/10 


Immune 
parents 8 days 3/10 


Not 
vaccinated 5/5 


Non- 
immune 
parents 1/9 
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TABLE II 


Challenge results of chicks vaccinated by vent drop method at 2 weeks 
of age 


Infectious laryngotracheitis 
challenge* Newcastle challenge* 
Age 5 wks Age 10 wks Age 5 wks. Age 10 wks 


Group I 9/20 19/20 0/20 0/20 
Group II 6/20 17/20 2/20 1/20 
Group III 5/5 4/4 5/5 4/5 


° Number Susceptible/Number Challenged. 


not show any marked degree of immune response and are 
similar to the results of the challenge. 
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The results of the challenge of birds vaccinated as com- 
mercial broiler flocks are shown in table 4. Again, the chicks 
vaccinated by the vent drop method at 7 days of age developed 
neither a very durable nor strong immunity. 


TABLE III 


Serum neutralization test of birds vaccinated with infectious laryngotra- 
cheitis at 2 weeks of age 


Neutralization indices 
Pre 
vaccination 
2 wks. of age 5 wks. of are 10 wks. of age 





3 
5 


3 
4 


5 
Group III 
Bird I 

2 


3 


TABLE IV 


Challenge of commercial broilers which were vaccinated at 7 days of age 
with IL 


Infectious laryngotracheitis 
challence* Newcastle challenre* 
32 days 45 days 66 days 32 davs 45 days 66 days 


0/5 2/5 4/5 0/5 0/5 0/5 
0/5 4/5 5/5 0/5 0/5 0/5 

—- 4/5 — 0/5 
D - — 5/5 — 0/5 
Control 5/5 5/5 4/5 f 5/5 4/5 


* Number Susceptible/Number Challenged 


DISCUSSION 
Although the number of chicks involved in this study of 
parental immunity to IL is small, there appears to be no differ- 
ence in the response of chicks to a vaccine regardless of the 
immune state of the parents. Perhaps if a higher degree of 
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parental immunity had been present, an effect on the reaction 
to vaccination could have been noted. 

It is the opinion of the writers that birds 2 weeks of age or 
younger do not respond as fully to a vaccination stimulus as 
do chicks 4 weeks of age or older. This fact must be kept in 
mind when IL vaccination is to be done. In emergencies, in 
areas where IL is an active problem, and early (2 weeks or 
less) vaccination is done, revaccination at a later date (6 to 
7 weeks of age) is recommended. 


CONCLUSIONS 

The differences in the ability of chicks from IL immune 
and non-immune parents to react to IL vaccination were deter- 
mined. There were only minor differences in the ability of the 
chicks from these two parental sources to react to IL vacci- 
nation. In this experiment it was not possible to correlate the 
sinus reaction to IL virus with the serum neutralization index 
of the bird. 

The ability of chicks at one week and at two weeks of age 
to react to the vent drop method of IL vaccination was tested. 


Chicks vaccinated at this age did not develop a strong, durable 
immunity. 
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A QUICK METHOD FOR THE DIAGNOSIS 
OF AVIAN POX AND INFECTIOUS 
LARYNGOTRACHEITIS 


By MARTIN SEVOIAN 


Department of Veterinary Science 
University of Massachusetts 
Amherst, Massachusetts 


URING 1959, there were significant numbers of outbreaks 

of avian pox and infectious laryngotracheitis in Massa- 
chusetts. Workers at this laboratory have been particularly 
concerned about these diseases not only because of the numbers 
of diagnoses but also of the possibility of not recognizing the 
atypical, mild forms of laryngotracheitis and the more un- 
usual cases of pox where lesions are found sometimes only in 
the trachea. Early and accurate recognition of both these 
diseases is necessary if an effective control program is to be 
instituted. Chicken embryo inoculations for virus isolations 
take a minimum time of 3 to 6 days and recent tissue culture 
techniques employed at this laboratory have not lessened the 
time.* Histopathologic examination of affected tissues proc- 
essed by classical methods taking a minimum of 24 to 48 hours 
have yielded a diagnosis in nearly all cases where several birds 
have been submitted. Therefore much emphasis has been 
placed on a more rapid, yet simple and satisfactory method of 
processing affected tissues. Several reports in the literature 
cite rapid methods.'?* In our hands we prefer and use the 
method outlined below because it is simple, rapid and accurate. 


Contribution No. 1262 of the Department of Veterinary Science, 
Massachusetts Agricultural Experiment Station, Amherst. 

Presented at the 32nd Northeastern Conference on Avian Diseases, 
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MATERIALS AND METHODS 
Place small pieces of affected trachea or skin in the follow- 
ing solution at 56 C (paraffin oven) for 30 minutes. 
95% alcohol saturated with picric acid 75 ce. 
Formalin 40% 15 ce. 
Glacial acetic acid 5 ce. 
Dehydrate in two changes of absolute alcohol (56 C) for a 
total of 20 minutes. 
Clear in two changes of toluene (56C) for a total of 30 
minutes. 
Place tissues in melted Tissuemat (Fisher) (58 C) for 20 
minutes and then imbed. 
Cut sections 6 microns thick and place them on slides which 
have been smeared with Mayer’s albumen. Dry with mild 
heat for 20 minutes. 
Bring sections through xylol and alcohol, stain with hema- 
toxylin and eosin, dehydrate, clear, mount and label. 


Fig. 1. Photomicrograph of a section of skin with intra- 
cytoplasmic inclusions of avian pox stained with hematoxylin 
and eosin (430x). 
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RESULTS AND DISCUSSION 

Intracytoplasmic inclusions for avian pox (figure 1) and 
intranuclear inclusions for laryngotracheitis (figure 2) have 
been demonstrated with accuracy when the above method was 
compared to the longer, classical methods with Bouin’s or 
Zenker’s fixatives. The satisfactory demonstration of cellular 
detail and the preservation of histological architecture with 
this technique were advantages when compared to the smear 


Fig. 2. Photomicrograph of a section of trachea with in- 
tranuciear inclusions of infectious laryngotracheitis stained 
with hematoxylin and eosin (900 x). 


methods which have been described.':? There was, however, 
some shrinking of tissue. Intranuclear inclusions for laryngo- 
tracheitis were demonstrated as early as the second day after 
intratracheal inoculation and till such time as the tracheal 
mucosa sloughed (approximately 4 days). Cytoplasmic in- 
clusions for avian pox were demonstrated as early as 4 days 
after inoculation, but the duration of these lesions varied con- 
siderably. 
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SUMMARY 

A rapid, histologic method involving the use of a solution 
which fixes and dehydrates tissues simultaneously has been 
described. With the use of hematoxylin and eosin stains, intra- 
nuclear inclusions for laryngotracheitis and cytoplasmic in- 
clusions for avian pox were demonstrated readily in less than 
3 hours time. 
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FURTHER STUDIES OF VIRUS HEPATITIS 
OF TURKEYS* 


By G. H. SNOEYENBOS and H. I. BASCH 


Department of Veterinary Science 
University of Massachusetts 
Amherst, Massachusetts 


2 agent was first reported in 19591? to be the 
cause of a hepatitis in turkeys. The reports were in close 
agreement concerning the characteristics of the causal agent 
and the pathological process in poults. It appeared that simi- 
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lar, if not identical, agents were involved in the isolation re- 
ported from Canada and the four isolations reported by us. 

Additional field cases have been studied to gain infor- 
mation concerning the incidence and economic importance of 
the infection. Experimental trials were conducted to improve 
diagnostic methods and to gain knowledge of the epizootiology 
of the disease. A total of 17 field infections of the turkey 
hepatitis virus (THV) has been diagnosed in Massachusetts 
laboratories since the initial report. Eleven of the cases occur- 
red in poults less than 5 weeks of age; mortality varied from 
1 to 25 percent. Other disorders, including concomitant in- 
fections, were found in several instances. Two cases occurred 
between 6 and 8 weeks of age but were considered to be an 
incidental finding. 

Four diagnoses were made in mature stock at the time of 
slaughter.* All groups of birds, ranging in number from 590 
to 1400, were considered to be in excellent condition ante- 
mortem. At postmortem inspection, liver condemnations varied 
from an estimated 30 to 90 percent. A majority of the con- 
demned livers exhibited numerous small, gray lesions visible 


on the surface and scattered throughout the parenchyma. 
Large granulomatous lesions were also observed in a few 
livers. 


MATERIALS AND METHODS 

Turkeys and eggs were secured from flocks maintained 
under commercial conditions. Poults were held in wire floored 
batteries. 

Either undiluted yolk-propagated virus or preparations 
from affected turkey livers were used for inoculums. The 
latter was prepared by grinding affected livers in four parts 
nutrient broth in a Waring blendor, centrifuging to remove 
large particulate matter, and filtering through a Seitz EK 
filter. Methods for preparing tissues for isolation, for embryo 
propagation of the agent, and for holding harvested materials 
have been described.” 


*The assistance of Dr. Alexander Don of the Inspection Branch, 
Poultry Division, Agricultural Marketing Service, USDA, in collecting 
specimens and furnishing histories is gratefully acknowledged. 
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Serum neutralization (SN) tests were performed accord- 
ing to the method of Cunningham.’ Both yolk and a filtered 
liver preparation were used as a virus source; these materials 
demonstrated embryo infective dose,, (EID,,) titers of 10* 
and 10° respectively. Antigen for the complement fixation 
(CF) test was prepared from isolate #463 according to 
method 3 of Topping and Shepard,‘ except that yolk contents 
from the pool previously described were used rather than yolk 
sacs. CF tests were conducted as described in the Manual of 
Microbiological Methods.® 

Isolation attempts were considered positive if typical 
lesions and mortality occurred in embryos injected with 
material from intentionally exposed birds. Field isolates 
were also checked for turkey infectivity before being con- 
sidered positive. Three blind passages in embryos were made 
with liver preparations from the field cases in mature birds. 

In some trials, gross lesions were scored on a 0 to 4 basis 
depending upon the presence and severity of hepatic involve- 
ment visible on the surface. The presence or absence of pan- 
creatic lesions was noted. 


EXPERIMENTS AND RESULTS 

Most isolation attempts have been successful from livers 
exhibiting extensive lesions from field cases in flocks less than 
6 weeks of age. Characteristic embryonic mortality and lesions 
have usually been secured on the first or second passage. No 
isolations were secured from the field cases in mature birds, 
although characteristic lesions were prominent. 

Fifteen 11-week-old turkeys were injected intravenously 
with 0.2 ml of yolk harvest from the second embryo passage of 
isolate #356. At 48 hour intervals, pairs of birds were sacri- 
ficed. Lesions were noted, and pools of tissues saved for 
isolation. Feces were collected by expressing from the cloaca. 
The results are summarized in table 1. 

The gross liver lesions noted in one bird 2 days post in- 
fection (PI) represent the earliest lesions following exposure. 
Although the agent was occasionally isolated from bile, blood, 
spleen and kidney, the liver appeared to be the organ of choice 
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for isolation purposes, and occasionally yielded the virus al- 
though no gross lesions were detected. Feces were also a 
rather dependable source of the virus. 

Ten, 8-month-old commercial breeding turkey hens were 
secured to determine susceptibility to the virus and clinical 
effect. They were injected intravenously with 0.5 ml of the 
fifth embryo passage of isolate #356. Randomly selected birds 
were sacrificed at 48 hour intervals between the 5th and 21st 
day post-injection. Lesions were noted and sections of liver 
saved for isolation. Results are summarized in table 2. 


TABLE I 


Presence of turkey hepatitis virus (THV) in several locations at 
intervals following infection 


Virus isolation 





— 
~ 


Days P.I. Liver lesions Liver 


1/2* ats 
2/2 
2/2 
2/2 
2/2 
0/2 
0/2 
1/1 


0 = not done. 
** numerator = number of birds with lesions 
denominator = number of birds examined. 


Feces Blood Spleen Kidney 


0 0 
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TABLE II 


Response of turkey hens to intravenous infection of turkey hepatitis 
virus (THV) 


Days P.I. Liver lesions Ovarian condition Isolation from liver 


2/2** Active 
1/1 Inactive 
1/1 Active 
1/1 Active 
1/1 Inactive 
1/1 Inactive 
0/1 Active 
1/1 Active 
1/1 Inactive 


* Isolation from contents of retrogressing follicle. 
** numerator = number of birds with lesions 
denominator = number of birds examined. 





7 


+11 +1141 
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The birds remained clinically normal. Egg production 
was poor because of age and season but did not appear to de- 
crease following exposure. Isolation from  retrogressing 
ovarian follicular contents was accomplished in one instance. 
The agent was not consistently isolated from grossly affected 
livers from this group of mature hens. 

Several trials were conducted to ascertain the develop- 
ment of immunity following recovery from artificial infection 
in poults. A representative trial is detailed. Seventy-two 
poults were divided into two groups; one was held in isolation 
and at 5 days of age the other was injected intraperitoneally 
(IP) with 0.2 ml of the third embryo passage of isolate +463. 
Sixteen of the injected birds were killed on the 7th day PI. All 
of the specimens exhibited extensive liver lesions and 14 also 
had grossly demonstrable pancreatic lesions. A pool of these 
livers was used to prepare a filtrate for challenge follow- 
ing recovery. This preparation had an EID,, titre of 10°; 
the initial yolk inoculum had a titre of 10°*. At 21 days PI, 
which previous experience had indicated was usually adequate 
to allow recovery from gross lesions, both groups were chal- 
lenged by intravenous injection of 0.2 ml of liver filtrate and 
were sacrificed and examined 7 days later. Liver lesions were 
scored and the presence or absence of pancreatic lesions was 
noted. Results are summarized in table 3. 


TABLE III 


Response of recovered turkeys to intravenous re-exposure to 
turkey hepatitis virus (THV) 


Liver Lesion score Pancreatic 
lesions Group total Bird average lesions 


Re-exposed 11/22* 11 0.5 1/22 
Control 31/34 55 1.6 18/34 


. numerator = number of birds with lesions 
denominator = number of birds examined. 


Although liver lesions were found in one-half of the 
re-exposed group, visible changes consisted of no more than 
one or two small foci. Slight pancreatic lesions were found in 
only one bird. Liver lesions were present in all but three of the 
34 in the susceptible group and were frequently very extensive. 





482 G. H. SNOEYENBOS AND H. I. BASCH 


Distinct pancreatic lesions were present in over half of this 
group. A similar pattern of limited reaction following re- 
exposure was demonstrated in birds held as long as 37 days 
between initial exposure and challenge. In the latter group 
occasional single or multiple small hepatic granulomas were 
found at necropsy. In one group no lesions were found on 
challenge following recovery. 

One trial conducted to ascertain possible transmission 
of THV as a consequence of eggshell contamination. A group 
of 100 unincubated turkey eggs were warmed by incubating 
for 2 hours at 37 C. They were then immersed for 30 minutes 
in an aqueous suspension at 5 C containing 2000 ppm chlor- 
tetracycline and 1 percent liver virus preparation of isolate 
#463 with an EID,, titre of 10°°. Forty unincubated eggs 
from the same source were injected with 0.2 ml of the same 
virus preparation. Infertile eggs from both sources were dis- 
carded at the 7th day of incubation, and fertile eggs were 
candled daily thereafter. Embryos from 12 of the 17 fertile 
injected eggs succumbed and exhibited characteristic lesions. 
The remaining five embryos appeared normal when examined 
on the 27th day. 

Sixty-eight fertile eggs were found in the dipped group 
at the 7th day of incubation. Eleven embryos died during 
later incubation and eight embryos pipped and failed to hatch. 
Yolk or liver harvest from each dead or pipped embryo was 
injected into the yolk sac of six chicken embryos; no virus 
isolations were made. 

The 49 poults were held in isolation and groups of 
randomly selected poults necropsied at weekly intervals; no 
lesions of the viral infection were found. At the end of the 
4th week, 10 remaining poults and an equal number of poults 
of the same age reared in isolation were challenged by intra- 
venous injection of 0.1 ml of yolk-propagated isolate +463. 
The birds were necropsied on the 7th day PI. The severity 
and extent of lesions were essentially identical in the two 
groups and were as extensive as usually produced in suscepti- 
ble stock of this age. 
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Serological reactions. A group of ten 7-day-old poults 
was injected IV with 0.2 ml of yolk material from isolate 
#463. Seven days later characteristic lesions were observed 
in five birds which were necropsied. A second IV injection 
of the remaining birds was made 35 days later and blood 
was collected for testing 7 days after the last injection. 
Susceptible serum was secured from unexposed birds of the 
same age. Neither serum neutralizing nor complement fixing 
activity was detected in any of these serums. 


DISCUSSION 

Isolation from livers has been accomplished with relative 
ease in most instances of field infections of poults. Usually 
a high proportion of the embryos die on the first passage. 
Similar ease of isolation has been the rule from livers of 
experimentally infected poults. Mature, susceptible stock de- 
veloped lesions following exposure, but isolation attempts fre- 
quently were unsuccessful. The latter results suggest that in 
the absence of virus isolation, pathological lesions must be 
relied upon for a diagnosis in mature stock. On this basis, 
failure of isolation from the four field cases in asymptomatic 
mature birds is not surprising. The diagnoses appear valid 
inasmuch as typical gross and microscopic lesions were found, 
and the behavior of the infection was compatible with that 
anticipated. 

Initial reports indicated that the lesions occurring in 
field infections were more severe and extensive than those 
produced following experimental infection. Mortality was 
also observed in field cases, but neither morbidity nor mor- 
tality had been reported following experimental infection.’ 
Several of the field infections reported in this communica- 
tion failed to produce clinical signs and exhibited liver lesions 
of no greater severity than those produced experimentally. 
It should be added that a considerable number of field and 
experimentally infected poults have been observed with de- 
generative, hepatic lesions resembling those produced by 
Histomonas meleagridis. Gross pancreatic lesions were an 
inconstant finding, and usually occurred only in specimens 
with extensive hepatic involvement. 
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Laboratory and field observations to date with TVH in- 
dicate that the disease is highly contagious. Examinations of 
histories from field cases strongly suggests that in most 
instances the disease is subclinical. In clinical cases, con- 
comitant disorders are frequently found. Only occasionally 
are losses severe in the absence of other recognized disorders. 
In the latter case the role of possible parental immunity needs 
clarification. 

Failure to demonstrate either complement fixation or 
serum neutralizing activity should be regarded only as lack 
of reaction under the specific circumstances. A measurable 
immunity, as demonstrated by response to challenge, exists 
for at least a short period following infection. Further in- 
vestigation is necessary to determine the level and duration 
of such immunity. 

A small group of turkey hens was infected, and many 
remained in active egg production throughout the observa- 
tion period. It was demonstrated that a viremia exists dur- 
ing a considerable period of the infection. These results to- 
gether with the isolation from the contents of an ovarian 
follicle, albeit retrogressive, suggest the possibility of egg 
transmission of the agent as one means of dissemination. 
Contamination of egg shells with THV prior to incubation 
failed to infect embryos or poults developing from such eggs. 

It is not known if the hepatic granulomas found in field 
cases, as well as in one experimental group, are related to 
the virus under investigation. 


SUMMARY 

A number of additional field infections of turkey hepatitis 
virus have been diagnosed. These cases represented a variety 
of ages including mature stock, and in some instances were 
subclinical. In the latter cases lesions were relatively slight 
and were comparable to those produced experimentally. Clini- 
cal cases have not been observed in birds older than 5 weeks. 
Contamination of the shells of turkey eggs with THV prior 
to incubation failed to produce infection in embryos or poults 
subsequently produced. 
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A considerable degree of immunity develops following in- 
fection, but the duration is undetermined. Preliminary trials 
with the CF and SN test have been unsuccessful as a measure 
of immunity. 

Egg transmission is suggested as one means of dissemin- 
ation of the virus. 

The apparent common occurrence of the infection in 
Massachusetts suggests that a similar situation may occur 
in other areas. 
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A SENSITIVE WHOLE BLOOD TEST FOR 
MYCOPLASMA GALLISEPTICUM* 
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Department of Animal Diseases, University of Connecticut 
Storrs, Connecticut 


RESENT methods of serological testing for Mycoplasma 
gallisepticum requires the submission of blood samples to 
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the laboratory for examination. This process is lengthy, time 
consuming and non-specific false positive results are frequent 
after storage of the serum samples. 

A whole blood (WB) test devised by Jacobs et al.' pro- 
vided a rapid method of detecting antibodies against the 
agent. When this antigen was used, however, the results were 
inadequate because the agglutinated particles were small and 
not easily distinguishable from the blood-antigen mixture. 
Hence, modification of the antigen was necessary in order to 
obtain early desirable reactions. 


MATERIALS AND METHODS 

The antigen was grown by the method described by 
Jungherr et al.2, The concentrated antigen was then standard- 
ized with a PhotoVolt Lumetron Colorimeter, model 410A, 
with a 420 mz filter to a 78 percent light transmission reading, 
corresponding to a McFarland density of 1, concentrated 24 
times and resuspended in a 0.175 M solution of sodium 
chloride. The pH of the antigen was adjusted to 6.2-6.4 with 
0.1N NaOH and then stained by the addition of 0.2 ml (per 
hundred) of a 6 percent alcoholic crystal violet solution. The 
antigen was sonerated in a Raytheon 10 KC sonic oscillator 
for two minutes at 1.25 amperes. 

For serum plate (SP) or WB tests conducted in the labo- 
ratory, the following method was used: 0.02 ml of serum or 
citrated blood was placed on a plate glass mirror, marked off 
in one inch squares with a 1.0 ml pipette, 0.1 ml of antigen 
was placed adjacent to the sample and the constituents were 
mixed thoroughly with an applicator stick. The plate was 
rotated gently for 3 minutes and the results were read. 

For the field WB test, two 4 mm loopfuls or one drop of 
blood from a syringe was placed on the glass plate. One tenth 
ml of antigen was added directly to the sample and mixed 
thoroughly with a loop or applicator stick. The plate was 
rotated gently and results were read within three minutes. 

A positive test is characterized by a purple, granular 
precipitation usually starting at the periphery of the mixture 
(figure 1). A negative test shows no change from the homo- 





BLOOD TEST FOR MYCOPLASMA 487 


geneous red mixture when whole blood is used or the homo- 
geneous, violet color when serum is utilized. 

Temperature has a marked effect on the field WB test. As 
the temperature decreases, the rate of reaction decreases as 
shown by an increase in the time required for agglutination 
and the small size of the agglutinated particles. The optimum 
temperature for the test is between 70 to 85 F. An artificial 
source of heat must be supplied when the temperature is below 
50 F. 


Fig. 1. Left Agglutination with positive serum. Right. Aggluti- 
nation with positive whole blood. 


RESULTS 

The results of WB tests conducted by Dr. Norman O. 
Olson of West Virginia University are recorded in tables 1, 2, 
and 3. The data in tables 1 and 2 are results of an experiment 
in which birds were inoculated with various dilutions of Myco- 
plasma gallisepticum by different routes of injection. 

There were ten birds per battery, eight inoculated and 
two contact controls. The birds were tested at 2 weeks of age 
and found negative. At 2 weeks of age the birds were inocu- 
lated by the various routes and dilutions listed. The inoculum 
was 0.25 ml of broth culture of Mycoplasma for all routes ex- 
cept the vent which was one drop. The birds were challenged 
intrasinusordally with 0.24 ml of a broth culture of Myco- 
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plasma at 6 weeks and vaccinated for bronchitis and New- 
castle disease. 

The following numbers of organisms per ml for the 
various dilutions are listed below: 

0 216,000,000 10° 182,000 

10 23,100,000 104 4,001 

10? 1,030,000 105 2,190 
The challenge dose contained approximately 75,000,000 organ- 
isms per ml. 

The birds in table 3 were exposed at one day old with one 
drop of a 72 hour broth culture of Mycoplasma and treated 
with two different levels of chlortetracycline for various 
lengths of time. 


TABLE III 


Results of isolation of Mycoplasma from tracheal swabs and reaction 
with whole blood test for eee agglutinins 


Duration of 
treatment in 2 4 6 10 1 
wee ks Percent isolation1 Percent reactors? 


i 000 grams Chlortetracycline Posi- Suspi- Nega- 
per ton of feed tive cious i 

None* 0 0 0 f 
None** 81 75 80 
1-10 3 15 
3-10 94 26 
5-10 86 25 
7-10 80 ¢ 92 
3-4 78 95 
5-6 90 f 26 
7-8 86 94 97 

1,500 om, eas per ton of feed 
1-10 2.5 13 11 _6 
3-10 ( 14 13 0 
5-10 90 24 ‘ 0 
4 - ( 90 60 2 3 

18 78 6 

5. ; 95 26 ¢ 13 
7- 7-8 ¢ 98 95 3 


. Not inoculated with Mycoplasma 
** Tnoculated with Mycoplasma 
(Courtesy N. Olson, West Virginia) 
1-Based on 20 birds 
2-Based on 10 birds 


Comparative serum plate (SP) tests were conducted with 
the WB antigen and standard plate antigens by Dr. Julius 
Fabricant of the New York State Veterinary College. The 
results are recorded in table 4. 





J. G. AFTOSMISET AL. 


Results at the University of Connecticut of WB tests con- 
ducted in the field versus isolation (tracheal swab technique) 
are recorded in table 5. 


TABLE IV 


Comparison of serum plate results with WB and standard plate antigens 


WBA BO WB AB © WB AB GO WB A B O WB 
Bird + Pre inoc 1 wk 2 wk 3 wk 


W24+ — 
W238 — 
ET) a 
W36 

W54 

W55 

W66 

Ww73 

w78s 

Wws3 

W96 

W100 

WR74 — 
WR83 — 
WR96 —-— 


aa 


| THHHEHIT TALL Pa 
Hoh nataaal wnaoe 
tualtul sa | wo Baawwe 
| F#HHHHHHHHHEREE EH 
by wo It 1+ 
PPHPHPPHHHE EHH HHS! 
WENN SSS HENS HWX 
PPHEHPH HHS HHS HHWHS 
Xuwaerx waXKauwuaxX ow 
PPP HEHEHE HPSS 
prpppppeXXaaXanrw 
DNYK KE NNONNNHNNRASE It 


Xx 


| 


(Courtesy J. Fabricant, Cornell University) 
* Birds inoculated into air sac. 

WB - Conn. WB Antigen. 

A, B, and C - Standard plate antigens. 

+ + = suspicious, 1 = weak reaction, 4 = strongest reaction. 


TABLE V 
Whole blood (WB) serology compared with isolation from trachea 


No. of 

°s _ 7 _ birds ae WB : %o_ _Isol % 
Known neg. flocks 236 0/236 0.0 0/236 X 
Known pos. flocks 100 89/100 89.0 82/94 87.2 


Numerator = number of birds reacting 
Denominator — number of birds tested 


SUMMARY 

1. A WB antigen for the rapid detection of Mycoplasma galli- 
septicum agglutinins is described. 

2. The antigen works equally well with blood or serum and 
can be used in conjunction with the pullorum testing pro- 
gram. 

3. The antigen is concentrated to 24 times MacFarland den- 
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sity 1, suspended in 0.175 M sodium chloride pH 6.2-6.4 
and stained by the addition of 0.2 percent of a 6 percent 
alcoholic crystal violet solution. 

Comparative tests with the standard plate antigen and 
with culture isolation show agreement. 

The WB antigen is most affective at temperatures above 
70 F and was developed for use with chickens. 
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STUDIES ON PARENTAL IMMUNITY TO 
INFECTIOUS LARYNGOTRACHEITIS 
OF CHICKENS 


By W. J. BENTON, M. S. COVER and W. C. KRAUSS 


Department of Animal and Poultry Science 
University of Delaware 
Newark, Delaware 


HE role of parental immunity in several poultry diseases 
of viral etiology has been well established.*** Such passive 
immunity has been shown to be associated with the presence 
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of antibody in the yolk and eventually in the embryo and in 
the hatched chick. Homologous viral activity has been shown 
to be reduced when inoculated into embryonated eggs from 
parent stock which had been rendered immune by vaccination® 
or by the natural disease.® 

The presence of parental immunity in infectious laryngo- 
tracheitis (IL) has not been previously established. The age 
incidence of the disease and the common method of vaccination 
being of such nature as to preclude early vaccination except 
in emergeny situations are perhaps the principal reasons why 
such work has not been done. 

The recent advent of a vent drop method of applying IL 
vaccine without the nesessity of abrading the mucous mem- 
brane’ and the use of a mild strain of the virus by the respira- 
tory route! provides a means whereby birds may be vacci- 
nated at a younger age. Therefore, it appeared desirable to 
invesigate the existance of parental immunity. The purpose of 
the experiments reported in this paper was to determine if 
passive immunity exists in the progeny of birds vaccinated 
against IL by the use of comparative studies on chicks and 


eggs from a vaccinated and non-vaccinated group of chickens. 


MATERIALS AND METHODS 

The chicks and eggs used in these experiments were 
obtained from two groups of Single Comb White Leghorn 
chickens, differing only in the fact that one group was vacci- 
nated against the disease while the other remained unvacci- 
nated. The parent stock was reared on the University of 
Delaware Poultry Farm which has not had an outbreak of IL 
for many years and which does not follow a vaccination pro- 
gram against the disease. These birds, however, had been 
vaccinated against Newcastle disease. When the experimental 
birds were 30 weeks of age, 45 birds were moved to the disease 
experimental area where they were banded and randomly 
divided into two groups and assigned to separate colony houses. 
The first group consisting of 18 females and 4 males remained 
unvaccinated while the second group consisting of 19 females 
and 4 males was vaccinated at this time. Vaccination was 
accomplished by the vent brush method with a commercial vac- 
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cine with an embryo infective dose,, (EID,,) titer of > 10°. 
A positive reaction to vaccination was seen in all vaccinated 
birds when examined 5 days later. Serum for serum neutrali- 
zation (SN) tests were obtained prior to vaccination from five 
birds (four females and one male) of each group and at 4, 12 
and 20 weeks after vaccination from the same birds. Such 
neutralization indices were used as criteria of the immune 
status of each group and are shown in table 1. The results 
obtained indicate a low level of SN antibodies in the unvacci- 
nated parents and a relatively high level in vaccinated parents. 


TABLE I 


Neutralization indices (log 10) of serum from vaccinated and non- 
vaccinated parent stock 





Time of serum collection Post- 
vaccination 
Vaccination Pre- 
status Bird + vaccination 4 weeks 12 weeks 20 weeks 


— 0.75 0.68 1.00 
0.79 0.78 1.05 — 
0.00 0.55 0.30 0.87 
0.18 0.78 1.05 0.33 
§ — 0.78 0.68 1.50 
Vaccinated ‘ 0.18 > 1.75 2.18 3.00 
0.00 0.78 1.68 1.67 
0.33 > 1.55 > 1.85 2.67 
0.00 > 1.88 >2.18 3.48 
0.49 > 1.88 >1.18 3.12 





Non-vaccinated 


Eggs from each group were collected once or twice daily 
and stored in an egg cooling room until set in an incubator. 
Group identity was maintained throughout the experiments. 
Embryonated eggs for virus titration were used after 10 or 
11 days of incubation. Both eggs and chicks were used in 
groups from eggs collected over a specified period of time as 
will be indicated for each experiment. 

The virus used in all aspects of this experiment was de- 
rived from the vaccine used on parent stock and consisted of 
the chorio-allantoic membranes (CAM) suspended in the 
chorio-allantoic fluids (CAF) harvested from eggs previously 
inoculated with the virus. With the exception of the use of 
CAF as a diluent, the method of preparation has been de- 
scribed previously.t All virus suspensions were placed in glass 
ampules, flame sealed, and stored at -15 C until used. 
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Titration of virus suspensions and SN tests were per- 
formed in accordance with a previous report! except that em- 
bryos were examined 7 days post inoculation rather than 8. 
The chorio-allantoic sac (CAS) route of inoculation was used 
and five eggs were used for each dilution. In those instances 
where diluted serum and yolk were used, the results were 
corrected for the dilution factor. 

Embryo infective titer in eggs. In order to ascertain the 
influence upon viral activity in eggs from immune parents, 
several comparative titrations were made. These were accom- 
plished by titrating a virus suspension in eggs from each group 
simultaneously. Eggs collected during five post vaccination 
periods were used in a total of five such titrations. The first 
titration was in eggs collected 4 through 514 weeks after 
vaccination, the second, 9 to 11 weeks, the third, 12 to 14 
weeks, the fourth, 14 to 16 weeks and the fifth, 23 to 25 weeks. 

Sinus infective titer in chicks. In view of the fact that IL 
virus can be effectively titered in the sinus of chickens,” two 
comparative titrations were made in 8-day-old chicks from 
each parental source. This was accomplished by inoculating 
the right sinus with 0.05 ml of selected dilutions of the virus 
suspension. Five chicks were used for each dilution. The sinus 
reaction was observed on the 3rd through the 6th day and 
recorded. From the resulting data, a sinus infective dose., 
(SID.,) was calculated employing the method of Reed and 
Muench.’ The first titration employed chicks from eggs col- 
lected 4 to 7 weeks after vaccination while the second used 
chickens collected 714 to 914 weeks after vaccination. 

Yolk neutralization. Neutralization studies were per- 
formed with yolk from eggs collected from each group. The 
yolk was collected on the same day the eggs were collected or 
on the following day after remaining overnight in a refrigera- 
tor. All yolk was diluted 1:5 with sterile saline at the time of 
collection, vigorously mixed and then stored at -15 C until used 
in the test. Yolk was obtained on the 7th, 14th, 21st, 28th, 
56th, 84th and 96th day after vaccination from five randomly 
selected eggs obtained from each group. 

Progeny serum neutralization. Serum neutralization 
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studies employing serum obtained from the progeny of each 
group were conducted. Serum was obtained from five 2 and 
five 10-day-old birds hatched from eggs collected between 12 
and 14 weeks after vaccination and from fifteen 6-day-old 
birds hatched from eggs collected between 17 and 20 weeks 
after vaccination. Serum obtained from the 2-day-old chicks 
was diluted 1:5 with nutrient broth for use in the SN test 
while all other serum was not diluted. 


RESULTS 

The endpoints of IL virus titrations (EID,,) for eggs 
obtained from the parent groups are shown in table 2. Al- 
though a rather large difference was obtained between the 
two groups in two instances, such differences were not con- 
sistent. The mean of all titrations in the eggs from vaccinated 
parents was 10°54 while in eggs from unvaccinated parents, 
it was 10,-5-58 


TABLE II 


Results of comparative titration of IL virus in eggs from vaccinated and 
non-vaccinated parents 


Source EIDs -log 10/ml and period of collection 


eae 4-5-1/2 wks 9-11 wks. 12-14 wks. 14-16 wks. - 23-25 whe, 
Non-vaccinated 4.83 5.75 5.60 4.80 6.68 
Vaccinated 5.17 5.50 6.63 4.77 5.63 





The titers (SID,,) of IL virus for chicks obtained from 
the two groups are shown in table 3. Essentially no differences 
were observed in the titration end points of the two groups. 


TABLE III 


Results of comparative titration of IL virus in chicks from vaccinated 
and non-vaccinated parents 


SIDs -log 10/m) and period of collection 


Source 





4-7 weeks 7-1/2 - 9-1 /2 weeks 
Non-vaccinated of 4.50 
Vaccinated 5.50 4.00 


Results of the yolk neutralization tests are shown in table 
4. It may be seen that the neutralizing ability of yolk from 
eggs from vaccinated parents exceeded that of yolk from the 
non-vaccinated parents. In some instances a considerable 
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difference existed while in other cases there was pratically no 
difference. When the data were treated as a whole, the mean 
neutralization index (NI) for yolk from vaccinated parents 
equaled 10'-*° with a standard deviation (SD) of 10° 5? while 
the mean NI for yolk from non-vaccinated parents equaled 
10°71 with a SD of 10.°-*! The difference in neutralization was 
significant at the 1% level. 


TABLE IV 


Results of neutralization tests employing yolk from eggs from IL vacci- 
nated and non-vaccinated parents 


Neutralization indices* (log 10) and time of collection 
after vaccination 
1 wk 2 wks, 3 wks. 4 wks. 8 wks. 12 wks. 14 wks. 


Non-vaccinated 0.00 1.70 0.00 0.00 0.00 0.88 1.29 
hens 0.00 1.36 1.20 1,20 0.82 0.88 1.28 

0.00 0.00 0.00 0.88 0.00 0.00 1.42 

1.15 0.00 0.00 1.57 0.00 1.00 1.25 

1.03 1.53 1.03 1.03 — —_ 0.75 


44 92 AB 94 20 #69 


Vaccinated 1.45 1.21 0.82 0.00 1.03 1.88 
hens 1.08 1.36 2.387 + 0.91 0.00 1.38 
0.00 1.36 1.37 1.45 1.57 1.75 

1.15 0.00 1.00 1.25 1.03 1.92 

1.08 0.95 0.82 1.25 1.37 1.00 








Av. .95 -98 1.28 97 1.00 1.5 





+ Corrected for dilution factor used. 


The neutralization indices obtained with serum collected 
from the progeny of each parent group are shown in table 5. 
It is again evident that serum obtained from the progeny of 
vaccinated parents possessed higher neutralizing capacity 
than did serum from progeny of non-vaccinated parents. When 
the data obtained with sera from 6-day-old chicks hatched 
from eggs collected between 17 and 20 weeks after vaccinating 
were treated as a whole, the mean NI of sera from vaccinated 
parents equaled 10°4* with a SD of 10.°*® The mean NI of 
sera from the non-vaccinated parent’s progeny equaled 10°:'* 
with a SD of 10.°"* Again the difference in neutralization was 
significant at the 1% level. 


DISCUSSION 
The results obtained when the IL virus was titered in 
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TABLE V 


Results of neutralization tests employing serum from progeny of IL 
vaccinated and non-vaccinated parents 


Neutralization indices* (log 10) and time of collection 
after vaccination and age of chick when bled 
12-1/2-14 wks. after vaccination 17-20 wks. after vaccination 
2 days 10 days 6 days 


Non-vaccinated 0.82 0.37 ae 0.50 0.33 
hens 0.95 0.00 i 0.00 0.00 

0.00 0.37 . 0.00 0.25 

0.00 0.12 \ 0.17 0.28 

0.00 0.12 ; 0.00 0.00 





35 .20 13 


Vaccinated —_ 0.25 , 0.28 
hens 0.95 0.12 ; 0.87 
0.82 0.58 \ 0.13 
0.00 0.00 k 0.82 

0.95 1.12 \ 


Av. .68 “AL 
* Corrected for dilution factor used. 





eggs and chicks from the two parental sources indicate that 
the immune status of the parents under the conditions of this 
experiment did not markedly influence the ability of the virus 
to exhibit its typical characteristics. The CAS route of inocu- 
lation was used in embryonated eggs in these experiments. As 
the chorio-allantoic membrane (CAM) route has been shown 
to produce a higher titer in IL,* it is conceivable that the use 
of this route might offer a more critical tool for evaluating 
differences in titer in eggs from such parents as used in this 
trial. In addition, the age of the embryo at time of inoculation 
may exert an influence.* Similarly, it is possible that routes 
of inoculation other than intrasinus might be more critical 
in determining viral titers in young chicks. 

The data obtained from neutralization studies with yolk 
and serum collected from the eggs and progeny of the two 
groups indicate that a higher but not consistent level of neu- 
tralizing antibodies occur in the offspring of the vaccinated 
group in comparison to the non-vaccinated group. The most 
inconsistant feature encountered in yolk neutralization studies 
was the presence of occasional yolks from non-vaccinated birds 
with high neutralizing indices. A similar but infrequent occur- 
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rence was the complete absence of a neutralizing index in yolk 
from vaccinated parents. Similar instances were noted in 
studies on serum from chicks but were less frequent. 

With respect to the level of immunity in the parent stock 
in this experiment, it is conceivable that birds which have 
suffered an outbreak of the disease or been exposed after 
vaccination to the virus may have a higher serum antibody 
level than do vaccinated birds. This in turn may influence the 
passive immunity in its progeny. 

The yolk and sera in these experiments were not heat 
inactivated prior to use in SN tests. Hitchner, et al.* have re- 
ported that heat inactivation had little influence on serum to 
be used in the test. However, it is possible that certain non- 
specific inhibitors occur in yolk and perhaps in the serum of 
very young chickens. This aspect will receive further investi- 
gation. 

While the differences in neutralizing indices between the 
materials from the two sources are not great in comparison 
with other diseases such as Newcastle, the magnitude of serum 
neutralization itself in IL has been reported by Hitchner,et al.4 
to be in the range of 10? or 10.8 

In conclusion, it appears that a certain degree of parental 
immunity does exist in IL of chickens. However, it appears 
under the conditions of these experiments that such passive 
immunity as exists is not sufficient to influence homologous 
viral activity in the embryo or chick hatched from immune 
parents. 

While neutralizing antibodies were detected in yolk and 
serum of the progeny of immune parents, it is not intended 
that neutralization tests on such material be considered suffici- 
ently critical or advanced to serve as a means of checking im- 
munity levels. The variation encountered would tend to pre- 
clude this type of usage. 


SUMMARY 
The existence of parental immunity in infectous laryngo- 
tracheitis (IL) of chickens was investigated by comparative 
studies on eggs and chicks from IL vaccinated and non-vacci- 
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nated parents. The results indicate that yolk obtained from 
eggs and serum from young chicks from vaccinated parents 
possess a higher neutralizing capacity than the same materials 
from non-vaccinated parents. While parental immunity prob- 
ably exists to a degree, it exhibits little influence on IL viral 
activity in embryos or young chicks. 
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A STUDY IN THE EPIZOOTIOLOGY OF 
THE CELO VIRUS 


By V. J. YATES, P. W. CHANG, A. H. DARDIRI and D. E. FRY 


Department of Animal Pathology 
University of Rhode Island 
Kingston, Rhode Island 


HE chicken-embryo-lethal-orphan (CELO) virus has 

been found in two contrasting host-parasite situations; 
one as the causative virus of an acute, often fatal respiratory 
disease of quail, and the other as the cause of an inapparent 
infection of chickens. Isolation of the various strains of the 
virus have been made by Olson,‘ DuBose et al.,2 from quail 
and by Yates et al.,5 Yates ® and DuBose’ from chicken em- 
bryos. Serological tests (Yates® and Hanson*) have indicated 
that the infection was widespread in chickens, present in 
turkeys and in some wild birds. Chickens appeared to be the 
most common host. 

Yates and Fry* suggested that the CELO virus was 
sometimes found in the fertile eggs of apparently normal 
chickens and that the agent was revealed when the normal 
physiology of the embryonating eggs was altered by inocula- 
tion or by some other means, Under normal conditions, how- 
ever, the endogenous virus was the infection link between 
generations. 

Before the endogenous virus hypothesis can be considered 
tenable, there must be evidence of some mechanism that allows 
the fertile egg to carry the virulent virus without evidence of 
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infection, at least through the first third of the incubation 
period. As one of the first steps in the study of this hypothesis, 
known amounts of the virus were inoculated into fertile eggs 
before incubation. This procedure was used by Van Roekel 
et al. in the study of the transmission of avian encephalo- 
myelitis. 

MATERIALS AND METHODS 

Eggs. The fertile eggs used for this study were from 
White Leghorn hens that were known to carry humoral anti- 
bodies against the CELO virus. They were prepared for inocu- 
lation by piercing the shell over the air cell. 

Virus suspension. Allantoamnionic fluid (AAF) con- 
taining the Phelp strain (Yates, 1960) diluted with nutrient 
broth, was used for these trials. The ELD,, titer of this strain 
in ten or 11-day-old embroys was 10.-!° The inoculum in these 
trials consisted of 0.1 ml of the various virus suspensions plus 
0.05 ml of the antibiotic suspension. 

Trial I. One hundred fifty-five eggs were divided into 
ten sets of 14 eggs each and one set of 15. The 14 egg sets 
were inoculated with the various dilutions of the CELO virus 
from 10° through 10°. The 15 egg control set was inoculated 
with nutrient broth. The suspensions used for inoculation 
were all treated with streptomycin (33 mg/ml). The 0.15 ml 
inoculum per egg was administered with a 1.0 ml “tuberculin” 
syringe fitted with a 0.5 inch 25 gauge needle. After inocula- 
tion the holes in the shells were covered with melted paraffin 
and the eggs were placed in a Jamesway 240K incubator. 
During the 11th day of incubation, the eggs were removed 
from the incubator and candled to determine the number of 
living embryos in each set. Eggs containing living embryos 
were returned to the incubator. Embryos were observed at 
least once daily from the 12th to the 19th day. At this time, 
two embryos from each set were selected and their AAF 
harvested. The AAF harvested from the two embryos was 
pooled and used for virus recovery. The rest of the eggs 
carrying embryos were placed in pedigree boxes and returned 
to the incubator for hatching. 
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On the 22nd day, the chicks of each set were examined. 
Two in each group were killed and a portion of the liver and 
intestine were harvested for virus reisolation trials. Approxi- 
mately one gram samples of liver (or intestine) from the 
two chicks were suspended in 4.5 ml of nutrient broth and 
ground using a TenBroeck grinder. 

The AAF harvested after 19 days of incubation and the 
suspensions of tissues harvested from the chicks at hatching 
were used for virus recovery studies. Each sample was carried 
through three serial, embryo passages. For each passage, a set 
of five or six, 11-day-old embryos was used. The suspensions 
of the chick tissues were treated with streptomycin (33 mg/ 
ml) before being used for embryo inoculation. 

Trial II. For this trial, 187 eggs were divided into 11 
sets of 17 eggs each. The experimental procedure was similar 
to that of trial I. 


RESULTS AND DISCUSSION 
The eggs in these trials were inoculated by inserting 
the needle through the air cell. The inoculum was deposited 


just beyond the inner shell membrane. This route of inocula- 
tion apparently caused no adverse mortality and most em- 
bryos, alive after 11 or 12 days, were alive on the 19th day of 
incubation. The CELO virus was reisolated from many of the 
samples of AAF harvested from the pair of embryos killed in 
each set the 19th day of incubation. None of the embryos killed 
was noticeably dwarfed. In most cases, it was difficult to 
harvest sufficient AAF from the two embryos to inoculate 
embryos used for virus recovery. Two and three serial, embryo 
passages were needed to reisolate the virus from the AAF of 
eggs receiving the more diluted inocula. 

In trial I, none of the embryos receiving the virus diluted 
10° hatched although five were alive on the 20th day and 
one pipped the shell. In the other dilutions, the livability and 
hatchability were similar to the control group. Chicks pro- 
duced from eggs receiving larger amounts of virus showed 
definite weakness and nervous signs. The usual signs were leg 
weakness, body vibration and ataxia. The CELO virus was 
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not reisolated from the samples of liver and intestine harvested 
at hatching from two chicks in each set. 

The results of trial II were much the same as in the first 
trial, except the virus was not reisolated from AAF of eggs 
receiving the virus suspensions diluted more than 10.” The 
CELO virus was reisolated from the liver and intestine samples 
of the chicks hatched from eggs receiving the virus diluted 

* Only one chick from the eggs receiving the virus diluted 
10+ showed nervous symptoms. A summary of the virus 
isolation attempts and the condition of the chicks at hatching 
is presented in tables 1 and 2. 


TABLE I 


Results of inoculating unincubated eggs with various decimal dilutions of 
the CELO virus. Trial I 


Mensber Chicks 

embryos alivel at Virus hatched and condition 

Dilution isolations3 Nervous signs 
of virus 11 days 20 davs (AAF) Normal and weakness 


101 2EP 
10-* 1EP 
10-8 1EP 
‘ 1EP 
1EP 





10-8 2EP 


te 


10-10 3EP 
Controls — 


| 
| 
sich 
COM SCSCHORWNO 


1 Fourteen eggs were » inoculated per dilution, ‘15 control ergs incubated. 
AAF harvested from two embryos in each set the 19th day of incu- 
bation. 

2 Leg ataxia. 

3 Number of serial embryo passages (EP) needed for virus isolation, 
starting with AAF harvested at 19th day of incubation. 


The virus strain used in these trials had an ELD,, titer 
in ten or 11-day-old embryos of 10.“° When inoculated into 
fertile eggs before incubation, the ELD,, titer was approxi- 
mately 10.1 This difference in titer must be due to some 
biological mechanism that was able to “tie-up” the virus and 
prevent it from destroying the developing embryo. This “tie- 
up” of the virus may have been due to antibodies, known to be’ 
present in the yolk of eggs from hens exposed to the virus. 
That the virus was present and viable was shown by the virus 
isolations from AAF harvested the 19th day of incubation. 
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TABLE II 


Results of inoculating unincubated eggs with various decimal dilutions 
of the CELO virus. Trial II. 


Number 
embryos alivel at 


Virus Virus 
Dilution isolation Chicks isolations? 
of virus 12 days 20 days (AAF) hatched (Chicks) 

0 0 

15 13 2EP 

15 13 1EP 

16 14 1EP 

16 14 

16 14 

15 13 

16 14 

16 14 

17 15 
Controls 17 14 


1Seventeen eggs were inoculated per dilution. AAF harvested from two 
embryos in each set the 19th day of incubation. ; ; 
2 Number of serial embryo passages (EP) needed for virus isolation, 


starting with AAF harvested, from two embryos the 19th day of 
incubation. 


3 Number of serial embryo passages needed for virus isolation, starting 
with tissue samples from 2, one-day-old chicks. 
Nervous manifestations in one chick. 


Yates* reported holding samples of CELO virus for 20 days 
at 37 C with a titer drop of approximately two logs. 

The study supports the endogenous virus hypothesis by 
giving evidence of a biological mechanism that allowed the 
embryo pathogenic virus to be carried in embryonating eggs 
without pernicious effect, except in high concentrations. It 
also demonstrates the usefulness of a technique in investigat- 
ing methods of revealing inapparent viruses of embryonating 
eggs and in the resulting progeny. 


SUMMARY 

The CELO virus was found to be relatively non-patho- 
genic to the developing chicken embryo when introduced be- 
fore incubation. 

The virus was reisolated several times from allantoamni- 
onic fluid harvested the 19th day of incubation; it was also 
reisolated on one occasion from intestine and liver tissue har- 
vested from one-day-old chicks. 
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SEROLOGICAL STUDIES OF AVIAN 
PLEUROPNEUMONIA-LIKE ORGANISMS 
(PPLO) WITH EDWARD’S TECHNIQUE* 


By JULIUS FABRICANT 
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New York State Veterinary College, Ithaca, N. Y. 


DWARD and Fitzgerald® observed that the growth of 
PPLO colonies could be inhibited by the incorporation 
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of specific hyperimmune antisera, produced in rabbits, in 
appropriate solid media. These studies deal with attempts to 
utilize this phenomenon in the isolation and identification of 
avian PPLO. In preliminary experiments, we were unable 
to demonstrate inhibition of colony growth of PPLO with 
homologous chicken antiserum, from birds infected via the 
respiratory tract. This lack of success confirmed Edward’s 
results and indicated that only hyperimmune rabbit sera were 
capable of producing this colony inhibition effect. 


MATERIALS AND METHODS 

Antigens were prepared from isolates which were believed 
to be pure strains of PPLO because of their uniform and con- 
sistent maintenance of such characteristics as colony type, 
growth rate and fermentation reactions over a long period 
of observation and through many (50 to 150) passages in 
culture media. The antigens were made by growing the PPLO 
in 1000 ml batches of PPLO broth without crystal violet 
(Difco) to which was added 10 percent horse serum. After 
six days of incubation, the organisms were separted out and 
washed three times in buffered physiological saline (pH 7.6) 
with a Servall angle centrifuge. Each centrifugation lasted 
30 minutes at 15,000 rpm (27,000G). After washing, each 
of the antigens was resuspended in 50 ml of buffered saline 
and used at this concentration to produce antisera in rabbits. 
The densities of the antigen suspensions for each of the PPLO 
isolates varied very widely. Some were slightly cloudy, others 
quite dense. 

The rabbits were given a series of intraperitoneal injec- 
tions, arbitrarily decided at 1 ml per injection; three injections 
weekly for the first 2 weeks and one injection weekly there- 
after. With this type of antigen and course of injections, 
a period of from 3 to 4 months was required to produce a 
good, colony inhibiting antiserum. Control sera collected 
from the rabbits at the start of the course of immunization 
was shown to be non-inhibitory. 

The colony growth inhibition test was conducted by 
spreading a loopful (0.02 ml) of a profusely growing broth 
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culture of PPLO over an area of approximately 15 mm di- 
ameter of a segment of an agar plate medium in which 5 
percent of rabbit antiserum was incorporated. The basal 
medium consisted of PPLO agar (Difco) to which was added 
10 percent swine serum and penicillin and thallium acetate 
as inhibitors. All plates were incubated in candle jars and 
examined with a dissecting microscope after 6 days of in- 
cubation. 
RESULTS 

As described by Edward and Fitzgerald,® inhibition of 
colonial growth was observed on plates containing specific 
antiserum, while profuse growth occurred on plates containing 
normal rabbit serum, non-specific rabbit antiserum or no 
rabbit serum. A sample protocol of a series of colony growth 
inhibition tests is presented in table 1. Up to the present 
time, six different specific antisera have been prepared. 


TABLE I 


A sample protocol of a series of colony growth inhibition tests 





Hvperimmune rabbit serums used 





PPLO 
culture None 


bo 
> 
4 
= 


C26 K1i8B 8 ASA 





| PION WWW WWM WON ww 
DDN NWKWWNWONOCNNLW 

pMONNe EEE aH 

| po no nono coeenrmcowoc§ote |S 

| bo BORO NO co CONDND S NYC Cond TY Co 


DO DO DD bo C9 09 co DO 69 60 Co 09 09 G9 09 
* 

DWDM NOWOOCN HN WNNS!] © 

DWNNWOWWHWAWWWWoOLt 


= colonies too numerous to count 
10 to 100 colonies 
1 to 10 colonies 
no colonies 


| 
| 


On the basis of tests with these antisera, 170 cultures of 
PPLO obtained from other laboratories and by isolations in 
this laboratory were identified. These isolates fell into six 
distinct groups and another group containing unclassified 
cultures: S, group contained 81 isolates, C group-27 isolates, 
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R39A group-11 isolates, SLO group-10 isolates, K18B group- 
17 isolates, SA group-1 isolate, unclassified-23 isolates. The 
origin of some of the previously described isolates which 
were classified by this procedure is presented in table 5. 
Information already available indicates that the unclassified 
isolates fall into at least four different groups (see table 3). 
While further definitive classification of these isolates awaits 
the production of additional rabbit antisera, a preliminary 
classification based on the information already available is 
presented in table 3. 

In the use and interpretation of this test, every effort 
must be made to insure that the PPLO isolates are pure. 
In these experiments, some isolates were found that were not 
inhibited by any of the antisera when first tested. However, 
retesting of some of the same isolates after purification by 
repeated single colony picking did produce specific inhibition 
with a single antiserum and allowed their classification. All 
of these mixed isolates were of the “non-pathogenic” type 
which produced large and rapidly growing colonies on PPLO 
agar containing 10 percent horse serum and 1 percent yeast 
hydrolysate. On the other hand, up to this time, all isolates 
which consisted entirely of slow growing organisms pro- 
ducing small colonies on the same medium proved to be pure S, 
type cultures. 

In these tests with 5 percent rabbit antisera in the media, 
only complete inhibition of an undiluted culture was con- 
sidered specific. Edward and Fitzgerald® and Edward and 
Kanarek’ indicate that in some cases, complete inhibition 
may take place only with diluted cultures. Further clarifica- 
tion of the use and interpretation of such incomplete inhibi- 
tion reactions must be made. 

An experiment was designed to see if it was necessary 
to use 5 percent rabbit antisera to secure colony inhibition 
since such sera were hard to produce and limited in quantity. 
Eighteen PPLO isolates (all S, type) were inoculated onto a 
series of plates containing 5, 1, 0.5 and 0.05 percent respective- 
ly of S, rabbit antiserum and control plates containing no 
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TABLE II 


Characteristics of some PPLO strains not yet classified by the colony 
growth inhibition technique 


Activity in Growth rate and 
Group carbohydrates colony type Comments 





N — Rapid growth, large Groups N and O have 
colonies already been shown to be 
serologically distinct on 
the basis of agglutination 
reactions by Adler et al., 
and Kleckner 





O Rapid ‘growth, large Corersponds to Mycoplasma 
colonies iners (Edward & Kanarek) 





Infectious Slow growth, small Grown only on media 
synovitis colonies containing diphosphopyridine 
derived nucleotide (DPN) 
(Chalquest and Fabricant) 


+ Rapid growth, large 
colonies 





TABLE III 


Preliminary classification of avian PPLO 


Characteristics 


Author's classification 


Specific 
inhibi- 
ting Growth 
anti- Patho- rate 
Edward serum genicity and Dextose 
Adler and pre- for colony fermen- 
Fabricant et al. Kleckner Kanarek pared birds size tation 


So So Mycoplasma + + Ss* 
gallisepticum 

C C ; 15804 RL** 

R39A ? RL 

SLO . RL 

K18B Mycoplasma RL 

gallinarum 

SA SA Mycoplasma as RL 

O O iners ND RL 

N N ? RL 

Infectious 

synovitis ND + SS 

derived + 

R49 ND 

t Requires DPN 

SS = slow growth rate, small colonies 

**RL = rapid growth rate, large colonies 

ND = not done 
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rabbit antiserum. The results of this experiment are presented 
in table 4. It can be seen that complete inhibition of all 18 
isolates only occurred in the plates containing 5 percent rabbit 
antiserum produced under our conditions. 

A preliminary classification of the types of avian PPLO 
identified up to the present time is presented in table 5. This 
tentative grouping is still incomplete since further work 
must be done on the serology and other characteristics of some 
of the suggested groups. 


TABLE IV 


The effect of varying dilutions of S, rabbit antiserum on inhibition of 
colonial growth of 18 different isolates of Ss type PPLO 


Se rabbit antiserum in media 
1% 5 


% 56 0.5% 


4 
C 


inhibition 18* 10 4 
Questionable 3 3 


No 
inhibition 18 5 11 


* Numbers represent number of cultures out of 18 tried. 


DISCUSSION 

The main purpose of this study was to find further means 
for identification of avian PPLO and for the determination 
of the purity of PPLO cultures. The completeness of inhibi- 
tion observed in these tests is a valuable indication that pure 
cultures have been obtained. The fact that it is possible to 
inoculate as many as 10° organisms onto a segment of a plate 
containing specific antiserum without the growth of a single 
colony suggests that we have a useful test for such a determin- 
ation of strain purity. 

Our experience corroborates the observations of Edward 
and Fitzgerald® that a long period of hyperimmunization is 
often necessary to produce good growth inhibiting antisera 
in rabbits. The lack of satisfactory inhibition observed by 
Yamamoto and Adler’ with avian strains and by Olson et al.'+ 
with bovine strains may be attributed to too short a course 
of hyperimmunization. However, it is possible that satisfac- 
tory antisera could be produced in a shorter time with fewer 
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inoculations with a more concentrated antigen. The problem 
of the production of growth inhibiting antiserum needs 
further study. Our data do not confirm .the suggestion by 
Edward and Kanarek’ that antigens for the immunization of 
rabbits should be grown on media containing rabbit serum. 
We were able to produce highly specific and satisfactory anti- 
sera from antigens grown on media containing horse serum. 

The results of the studies done so far—even though far 
from completed—suggest that there is a good correspondence 
in the results of classification of avian PPLO on the basis of 
either the growth inhibition or the agglutination tests. How- 
ever, the growth inhibition test has some advantages: 1. It 
makes it possible to identify isolates that do not produce a 
satisfactory agglutinating antigen. 2. It allows the identifi- 
cation of the purity of the isolates tested. 3. It avoids the 
cross reactions often noted in the agglutination test (Kleck- 
ner!!). These cross reactions may be due to the presence of 
mixed cultures in some of the agglutinating antigens. 4. Once 
a satisfactory antiserum is made, it may be used to test a 
large number of isolates without the necessity of producing 
an antigen for each isolate. 

Experience with avian PPLO suggests that classification 
should await. the availability of complete information on the 
following characteristics: serology, pathogenicity for birds, 
colony size and growth rate, ability to ferment carbohydrates, 
special nutritional requirements. These characteristics seem to 
be more useful in the study of avian PPLO than Edward’s 
criteria of the production of “film” or “spots” on the media 
and the hemolysis of blood agar. 
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SUMMARY 

Edward and Fitzgerald® observed that the growth of 
PPLO colonies could be inhibited by the incorporation of 
specific hyperimmune rabbit antisera in appropriate solid 
media. With some modification of this technique, 170 cultures 
of PPLO, obtained from other laboratories or by isolation 
in this laboratory, were identified. These isolates fell into six 
different groups and another group containing unclassified 
cultures: S, group contained 81 isolates, C group 27 isolates, 
R39A group 11 isolates, SLO group 10 isolates, K18B group 
i7 isolates, SA group 1 isolate, unclassified 23 isolates. Based 
on these findings and other information available in the 
literature, a preliminary classification of the presently recog- 
nized avian PPLO is suggested. All 81 of the isolates which 
were identified at this laboratory as pathogenic (S, type) 
isolates on the basis of cultural characteristics fell into a 
single serological group confirming similar observations made 
by Kleckner who used agglutination reactions. 

A high degree of specificity and complete colonial inhi- 
bition was observed in isolates which had been carefully 
selected on the basis of uniformity of cultural characteristics. 
This procedure might be a useful tool for the isolation of 
avian PPLO from mixed cultures and for the establishment of 
the purity of PPLO isolates. 
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PLEUROPNEUMONIA-LIKE ORGANISMS 
ASSOCIATED WITH SYNOVITIS IN FOWLS*+ 


By R. R. CHALQUEST and JULIUS FABRICANT 


Department of Pathology and Bacteriology 
New York State Veterinary College, Ithaca, New York 


HERE are many types of arthritic diseases which affect 

turkeys and chickens. Although the majority of them are 
caused by bacteria, the most common one, infectious syno- 
vitis (IS), is not caused by any of these known organisms. 
Several workers*®:111317 have studied the nature of the IS 
agent and have concluded that it was distinct from any pre- 
viously described agent. It was presumed to be a large virus 
or rickettsia as suggested by Lecce et al.''until Lecce’ re- 
ported the isolation of a pleuropneumonia-like organism 


(PPLO) from allantoic fluid of infected embryos. The pur- 
pose of this study was to isolate and identify the agent of 
infectious synovitis. 


MATERIALS AND METHODS 

All chicken hatching eggs and chicks used in this study 
were obtained from the veterinary college poultry disease 
research farm flock of White Leghorns which did not have 
any respiratory infection during this study. The flock had 
been vaccinated only for infectious bronchitis. Repeated 
attempts to isolate PPLO from the birds or their eggs failed. 
Periodic agglutination tests of these birds have never resulted 
in any positive reactions for PPLO. The turkey poults used 
in this study were Empire Whites obtained from a com- 


* Condensation of thesis presented to the Graduate School, Cornell 
University in partial fulfillment of the requirements for a Ph.D. degree. 

+ Presented at the 32nd Northeastern Conference on Avian Diseases, 
June 27-29, 1960, University of Maine, Orono, Maine. 
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mercial hatchery. Neither the original breeding flock nor 
the poults that were inoculated in the various trials were 
known to have undergone any respiratory disease during this 
study. All birds experimentally inoculated in this study were 
held in modified Horsfall units to provide complete isolation 
for each group inoculated. 

For the most part, this study was conducted with four 
different isolates of the agent that were obtained from other 
workers. These included isolates 1853 from Dr. N. O. Olson, 
the Maine and Texas isolates from Dr. K. E. Price, and the 
1071 isolate from Dr. J. G. Lecce. Isolate 298 obtained from 
Dr. G. H. Snoeyenbos as well as some recent field isolates 
obtained at this laboratory were also included in some of the 
trials. 

All broth media contained 1,000 units of penicillin and a 1 
to 1,000 concentration of thallium acetate per ml as inhibitors. 
Unless otherwise indicated, all solid media contained the same 
level of penicillin and 1 to 2,000 concentration of thallium 
acetate. All plates were incubated in the candle jar for 6 days 
as described by Fabricant,’ and all broth media were incubated 
aerobically. Only sera which had been Seitz filtered and frozen 
were used in this study. In addition, all sera added to media 
containing beta-diphosphopyridine nucleotide (DPN) were 
heat inactivated at 56 C for 30 minutes. 

Swine infusion broth was prepared in a similar manner 
to the chicken infusion media described by Hofstad and Doerr.® 
However, all the ingredients of this media were of porcine 
rather than avian origin. Twenty percent swine serum was 
added to the broth as well as the usual inhibitors. 

Beta-diphosphopyridine nucleotide* (DPN) powder was 
dissolved in sufficient distilled water to make a 1 percent solu- 
tion and filtered through a Seitz pad. The sterile filtrate was 
transferred in 5 or 10 ml quantities to screw cap vials and 
kept at 0 C. The quantity desired was thawed and added to 
the broth media with a sterile pipette just prior to incubation 
of the media or added to the solid media just before the plates 
were prepared. The unused portion was always discarded. All 


* Sigma Chemical Co., St. Louis, Missouri. 
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solid media prepared with DPN were stored at 5 C. However, 
only plates which had been stored for less than 7 days at this 
temperature were used in this study. 

L-cysteine (free base)* was always dissolved in dis- 
tilled water as a 1 percent solution, filtered through a Seitz 
pad, and immediately added to the media. When freshly pre- 
pared in this manner it is a clear solution. When a white 
precipitate formed after approximately 48 hours at 5C or 
after freezing, the 1 percent solutions were discarded. 


RESULTS 

Attempts to isolate a bacterium or a PPLO. Each yolk, 
allantoic fluid, ground up suspension of liver and spleen, and 
synovial fluid from embryos or birds inoculated with four 
different isolates (1853, Maine, Texas, and 1071) was seeded 
on blood agar plates, meat piece media or liver-brain media 
at least three times. All culture attempts were negative for 
bacteria after 72 hours of aerobic or anaerobic incubation. 

Attempts to isolate a PPLO from infectious yolk, allantoic 
fluid, or synovial fluid from the 1853, Maine, Texas, and 
1071 isolates by inoculating Adler’s overlay media (Adler 
et al.1) were unsuccessful. Lecce!’ reported that PPLO were 
isolated from infectious allantoic fluid that was inoculated 
onto PPLO agar containing 10 percent swine serum. This 
growth only occurred as satellite colonies around a streak of 
Staphylococcus aureus. The plates had to be incubated in a 
candle jar for the best results. We obtained similar colonies 
from three laboratory isolates of the synovitis agent (1853, 
Maine and Texas) as well as the 1071 isolate by Lecce’s 
technique. These colonies, designated infectious synovitis de- 
rived (ISD) colonies, were very small and only grew very 
close to the Staph. awreus streak (figure 1). Occasionally, a 
few of these colonies had a nipple and appeared to be a PPLO 
as Lecce described. 

Four isolates of Staph. aureus in addition to the one Lecce 
had used did not produce these satellite colonies by themselves. 
Three of them aided the ISD colonies to grow from infectious 


* Nutritional Biochemicals Corp., Cleveland, Ohio. 
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allantoic fluid. Addtional trials also indicated that the candle 
jar incubation of the plates was superior to aerobic incuba- 
tion and that horse serum could not be substituted successfully 
for swine serum in this media. Over a period of time, 52 
uninoculated embryos from 8 to 16 days of age were cultured 
by Lecce’s technique. No isolation of any satellite colonies 
around the Staph. aureus streak were ever obtained. 

Thallium acetate at a concentration of 1 to 1,000 and my- 
costatin* at 100 or 500 units per ml did not alter the patho- 
genicity of four different isolates (1853, Maine, Texas, and 
1071) for embryos. Furthermore, thallium acetate at a con- 
centration of 1 to 2,200 in the solid media permitted satisfac- 
tory growth of the Staph. aureus and the ISD colonies. 

Culture media with beta-diphosphopyridine nucleotide for 
cultivation of the agent. In an effort to eliminate the Staphy- 
lococcus, 87 different liquid and solid media were devised and 
tested for growing the ISD colonies. None were suitable until] 
DPN and cysteine were added to the media. Lwoff and Lwoff'” 
had established that the “V” factor necessary for the growth 
of Hemophilus, an organism that also exhibited satellitism 
to Staph. aureus, was actually coenzyme I and later known to 
be diphosphopyridine nucleotide (DPN). Snyder and Broh- 
Kohn'* reported that cysteine could be substituted for the 
second or “X” factor required for growth of Hemophilus. 
Therefore, a PPLO agar was prepared which contained both 
0.1 percent DPN and 0.1 percent cysteine in addition to the 
10 percent heat inactivated, swine serum and thallium acetate 
and penicillin. All of the constituents were added to the melted 
PPLO agar after it had cooled to approximately 45 C. This 
media, designated 1308P, was compared with the plates which 
incorporated the Staph. aureus streak. 

Six-day-old embryos were inoculated with yolk material 
of a single isolate of the IS agent via the yolk sac. A loopful 
of the allantoic fluid from each of three embryos which died 
on the seventh day postinoculation were separately inocu- 
lated onto both 1308P and Staph. aureus streak plates. The 
plates were incubated in the candle jar for 6 days. Between 


* E. R. Squibb & Sons, New York, New York. 
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10 and 25 colonies were obtained on both types of plates 
that had been inoculated with the material from two of the 
eggs. The allantoic fluid from the third egg yielded less than 
10 colonies on the 1308P but no growth on the Staph. aureus 
streak plate. When agar blocks containing a few of the ISD 
colonies on the 1308P were transferred to a similar sterile 
plate, very heavy growth of nippled colonies, resembling PPLO 
colonies ,were obtained after 6 days incubation in the candle 
jar. Three such plate to plate transfers were made success- 
fully without any apparent loss in the amount of growth. This 
was the first media which supported the growth of the ISD 
colonies without the Staph. aureus streak. 

The next series of experiments were designed to determine 
if this media would support the growth of, other isolates of 
the agent and to test some variations in this media. Infectious 
allantoic fluid from four different isolates of the IS agent 
(1853, Maine, Texas, and 1071) as well as allantoic fluid 
from uninoculated eggs were cultured on several variations of 
the 1308P media. In addition, the first and third broth pas- 
sages of these same allantoic fluid inoculums were also sub- 
cultured onto each of these types of solid media. 

The results of these trials indicated that a solid medium 
(1896P) which contained 0.1 percent DPN but no ‘cysteine, 
was superior to 1308P for original isolation from infectious 
allantoic fluid. However, both media yielded equal amounts of 
luxuriant growth from either of the broth passages. Solid 
media which contained either 0.05 or 0.01 percent DPN and 
no cysteine, yielded good growth but the colonies were more 
roughened on the edges, not as clearly nippled, and somewhat 
smaller and flatter than those obtained on the media which 
contained 0.1 percent DPN. The following types of media 
failed to support growth of ISD colonies: media with no DPN, 
no serum or serum substitute, 0.1 percent niacinamide instead 
of DPN, DPN and 0.1 percent cysteine hydrochloride, 1 per- 
cent serum fraction (Difco) or 10 percent horse serum in- 
stead of swine serum. In additon, it was again noted that 
the incubation of these plates in the candle jar gave better 
results than incubation aerobically. 
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Several different broth media were tested by seeding them 
with different types of inoculums. These included agar blocks 
containing colonies, allantoic fluid, yolk, and synovial fluid. 
Approximately 3 ml of broth media were inoculated with 0.2 
ml of infectious material. The infectivity of the inoculum 
was determined by inoculating the same material into 4 to 6- 
week-old chicks. 

The results of these trials indicated that medium 1308B 
which contained PPLO broth without crystal violet + 0.1 per- 
cent DPN +- 0.1 percent cysteine + 10 percent heat inactivated 
swine serum + inhibitors was satisfactory. Some growth of 
these organisms was also obtained in media with 0.05 percent 
DPN and 0.05 percent cysteine as well as in media with 0.1 
percent DPN and 0.05 percent cysteine. However, broth media 
with DPN but no cysteine did not support growth of these or- 
ganisms. 

In two trials, yolk and allantoic fluid from the same in- 
fected embryo were cultured separately in media containing 
DPN and cysteine. Both trials included infectious material 
from five different isolates of the agent as well as yolk and 
allantoic fluid from uninoculated embryos. Luxuriant growth 
was obtained from all the allantoic fluid inoculums but the 
control group. On the other hand, very few colonies or no 
growth at all was obtained from the yolk of the same eggs. 
The allantoic fluid was superior to the yolk for the isolation 
of this agent from infected embryos. 

Although the swine infusion broth did not support the 
growth of the infectious synovitis agent, it served very well 
for the growth of S, type PPLO. Additional experiments to 
determine the validity of these observations are in progress. 

Infectious synovitis derived (ISD) PPLO isolations from 
field cases of synovitis. Throughout the course of this study, 
attempts were made to isolate the agent from field cases of the 
disease on artificial media. Material from different cases was 
usually cultured by inoculating some of the synovial fluid 
from the affected joints directly into various types of broth 
media. A few of these cases were also cultured in embryos. 
Most of these cases were investigated before a satisfactory 
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Fig. 1 (top). Colonies of NTF isolate (infectious synovitis de- 
rived) growing as satellites to Staphylococcus auereus shown at left. 
(x<150). 

Fig. 2 (middle). Colonies of NTF isolate on DPN agar without 
staphylococcus (150). 

Fig. 3 (bottom). Colonies of standard Ss type PPLO on swine 
serum PPLO agar (x150). 
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broth media was developed. However, two ISD PPLO isola- 
tions were made. 

Accession EA 10808 (isolate 1472). No history was sub- 
mitted with these 7-week-old broilers. Three of the birds in 
this accesion had keel bursitis and enlarged hocks. The swollen 
joints were filled with excess, mucoid exudate. The spleens 
of all the birds were also enlarged. Diluted synovial fluid 
from these birds was inoculated into embryos via the yolk 
sac and isolations of PPLO colonies were obtained from the 
allantoic fluid of these embryos only on media containing 
DPN. Cultures of the same allantoic fluid in SA (horse blood, 
agar slant + overlay of PPLO broth containing 10 percent 
swine serum) did not yield any growth. This media, as de- 
scribed by Fabricant,’ is satisfactory for the cultivation of 
both pathogenic and nonpathogenic type PPLO. The growth 
of this isolate was not inhibited by S, type antiserum in the 
plate inhibition test of Edwards and Fitzgerald.* Since this 
isolate failed to grow after a few serial passages in artificial 
media, no pathogenicity trials were conducted. 

Accession 60142 (isolate NTF). Several birds in a flock 
of 4500, 10-week-old White Holland turkeys were noted to be 
lame and a few had swollen hocks. This lameness had been 
observed for about 2 weeks when the birds were submitted 
for diagnosis. The flock as a whole appeared in good health 
and there were no respiratory symptoms noted. The affected 
birds had excess synovial exudate which contained some 
caseous material along the tendon sheaths in the shanks and in 
the hocks. The caseous exudate varied in color from white to 
yellow. The liver and spleen appeared normal. There were no 
gross lesions in the respiratory tract of any of the birds sub- 
mitted. The liver was cultured on blood agar which was in- 
cubated aerobically. The synovial fluid was cultured in the 
same manner and also in 985 broth media. This media con- 
sisted of an agar slant (PPLO agar + 20 percent swine serum 
and 1 percent Supplement B (Difco) and an overlay broth 
(swine infusion broth + 20 percent swine serum + inhibi- 
tors). The blood agar cultures of both the liver and the syno- 
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vial exudate yielded many colonies of Staphylococcus epi- 
dermis. No isolations were obtained in three broth passages 
of the 985 media. 

Synovial fluid was obtained with three sterile cotton 
swabs by saturating them with this fluid and inoculating all 
three swabs into 5 ml of sterile nutrient broth. The diluted 
synovial fluid wtih 40,000 units of penicillin added per ml 
was inoculated into 5-day-old embryos. Of the seven eggs 
that were inoculated, one died on the 2nd day, two on the 6th 
day, two on the 8th day, and one on the 9th day postinocula- 
tion. Both allantoic fluid and the yolk of one embryo that died 
on the 8th day postinoculation were cultured in 1308B broth 
media. The first broth passage after 3 days incubation was 
transferred to 1308P. Approximately 50 typical PPLO colonies 
were obtained from the allantoic fluid but none from the yolk. 
An agar block containing several of these colonies was trans- 
ferred to a tube of broth media which contained DPN and 
cysteine. After 3 days of incubation, transfers were made to 
both SP and 1396P plates. There was no growth on the SP 
plate, but heavy growth was present on the 1396P. This broth 
passage was serially transferred in the same media and inocu- 
lated into chicks and poults to determine its pathogenicity. 
This trial is described later in this report. A broth culture 
of this isolate was also tested by the plate inhibition test of 
Edward and Fitzgerald® with S, type antiserum. The growth 
of this isolate was not inhibited by the S, type antiserum 
indicating that it, like the 1472 isolate, was not an S, type 
PPLO. 

Seven additional attempts were made to isolate a PPLO 
from birds that had no respiratory tract lesions but did have 
lesions of synovitis. Each of these cases were cultured in 
various broth media but no isolations of any PPLO were ob- 
tained. Unfortunately, only three of these cases were cul- 
tured in a media containing DPN. The reason for the negative 
results in these cases was impossible to determine. 

Some characteristics of infectious synovitis derived 
(ISD) PPLO. 1. Morphology. The colonies observed on 1308P 
(basal agar + DPN + cysteine) or 1396P (basal agar + 





524 R. R. CHALQUEST AND JULIUS FABRICANT 


DPN) were similar in shape and size to an S, or pathogenic 
type PPLO as described by Adler et al*(figures 2 and 8). 
The colonies originally isolated from synovial fluid and for 
the first few passages in artificial media were uniformly 
quite small and discrete. However, after several passages in 
artificial media, distinct variation in colony size as well as a 
definite tendency to form multiple colonies was observed. 
A gray, crystalline-like film usually was present on the sur- 
face of the plate after 6 days of incubation whenever heavy 
growth was obtained. This film was particularly noticeable 
if the plate was held for an additional 1 or 2 days at room 
temeprature following the usuai incubation period. The 
colonies when fixed with Bouin’s solution and stained with 
Giemsa stain also resembled an S, type pathogenic PPLO. 

To determine the morphology of these organisms in broth 
culture, stained preparations were made of four different 
isolates as well as of uninoculated but incubated media. A 
loop of the various broth cultures was transferred to a clean 
glass slide, gently dried by heat, and then fixed with Bouin’s 
solution for 15 minutes. After rinsing the Bouin’s solution 
off with distilled water, the preparation was stained for 30 
minutes with one to 10 dilution of freshly filtered Giemsa 
stain. Each of the cultures was stained by this technique after 
24, 48, and 72 hours of incubation. Again, the morphology 
of these organisms was similar to S, pathogenic type PPLO 
as described by Yamamoto and Adler.'® 

2. Biochemical reactions. Cultures of all five laboratory 
isolates (1853, Maine, Texas, 1071, and 298) as well as two 
isolates from field cases (1472 and NTF) were inoculated 
into carbohydrate media. These media consisted of basal 
broth + 0.05 percent DPN + 0.05 percent cysteine, to which 
was added 0.018 grams of phenol red per liter and one percent 
of either dextrose, lactose, maltose, sucrose, or mannite. Two 
separate trials were conducted and in each trial uninoculated 
tubes of each sugar media were included as controls. All tubes 
were incubated aerobically for 21 days before the final read- 
ings were taken. In both trials, all of the isolates fermented 
both dextrose and maltose. In every case, the media had 
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changed color after 3 or 4 days of incubation and no further 
changes were noted in any of the tubes after this time. There 
was no fermentation by any of the strains of the other three 
sugars. 

3. Serological tests. Broth cultures of ISD PPLO isolates 
1853, Maine, Texas, 298, NTF, and 1472 were inoculated on 
plates in which were incorporated 5 percent hyperimmune 
rabbit sera prepared against a standard S, type PPLO (293), 
or one of five non-pathogenic types of PPLO. The technique 
was described by Edwards and Fitzgerald,® and by Fabricant.* 
None of these plates inhibited the growth of the NTF isolate, 
an indication that it belonged to a different serological type. 
Similarly, the plates that contained the S, type antiserum did 
not inhibit the growth of any of the other ISD PPLO isolates. 

4. Growth on non-inhibitory media. In an attempt to 
determine if the inhibitors normally present in the media 
had altered the appearance of these organisms, six isolates 
(1853, Maine, Texas, 1071, 298, and NTF) were inoculated on 
solid media without inhibitors. Agar blocks containing several 
colonies were taken from plates which contained penicillin and 
thallium acetate and inoculated into broth media 1491B (0.5 
percent DPN + 0.5 percent cysteine) which also contained 
these inhibitors. After 3 days of incubation, transfers were 
made to plates which contained all the ingredients of 1308P 
(DPN + cysteine) media but with no thallium acetate or 
penicillin. These plates were then incubated in the candle 
jar for 3 days. Heavy growth was noted at this time and 
an agar block with several colonies was smeared onto an- 
other plate of the same media. Five such plate to plate trans- 
fers were attempted. However, because of mold contamination 
on some of the plates, four of the isolates were discarded at 
various passages earlier than the fifth. Only two of the iso- 
lates 298 and NTF) were successfully carried for the full five 
passages. When stained with Giemsa, the colonies obtained 
on the fifth passage appeared similar to the colonies that had 
grown on the first passage. Neither of these isolates de- 
veloped any visible changes in the gross morphology of the 
colonies. This was also true of the other isolates, after having 
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been transferred only for two or three passages on non-in- 
hibitory media. These data indicate that the organisms which 
were recovered from material containing the IS agent were a 
PPLO of a new type. 

The pathogenicity of PPLO, infectious sinusitis derived 
(ISD). 1. The first trial was conducted to determine if the 
satellite colonies to the Staph. awreus streak on Lecce’s medium 
were pathogenic for birds. Intravenous inoculation into 4- 
week-old chicks of these ISD PPLO colonies from the 1071 
isolate produced signs and lesions typical of birds affected 
with IS. Because these colonies were obtained from the first 
passage on artificial media, other agents that were not visible 
could have been present in the inoculum. 

2. The design of the second experiment is given below. 
Five-day-old embryos were inoculated wtih infectious yolk 
of the four different isolates. The inoculum for the fourth 
group (NTF) was a diluted, synovial exudate obtained from 
the turkeys presented for diagnosis.-A control group of unin- 
oculated eggs was also included in this trial. 

Allantoic fluid was harvested from embryos which died 
in each group except the control group which were still alive. 
Two-tenths ml of this fluid from each group were inoculated 
into separate tubes of 1308B media. Three serial broth to 
broth passages were made after a three day incubation period. 
The first and the third of these broth passages were also tran- 
ferred to 1308P and good growth of typical PPLO colonies 
were obtained from each of the different isolates. Agar blocks 
containing several colonies from the third broth passages were 
transferred to 1491B broth. Three more serial broth to broth 
transfers were made with a resulting good growth. No growth 
resulted from the controls. The last broth culture which repre- 
sented the seventh passage on artificial media of the original 
allantoic fluid, was inoculated into chicks, poults, and 5-day- 
old embryos. 

The inoculum for the chicks and poults was a 1 to 5 dilu- 
tion of the broth culture with sterile nutrient broth as the 
diluent. Both the chicks and the poults were 4 weeks old and 
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five of each were inoculated in each group including the control 
groups. Each banded bird was given one ml of this diluted 
broth culture intravenously. Just prior to inoculation with the 
broth culture, a blood sample was taken from each bird and 
identified. The serum from each of these samples was later 
tested with commercial PPLO antigen by the plate agglutin- 
ation test. As usual, each group of birds was kept in separate, 
modified Horsfall units throughout the experiment. 


Isolate 


Egg inoculum: 





1853 and Texas 298 NTF 
yolk, 9th egg yolk, 4th —___ synovial 
passage egg ones fluid 
| 
5-day embryos and Uninoculated 
embryos 


| 
Allantoie fluid 
| 


1308B - 3 passages 
1308P 
1491B - 3 passages 


| 


Chicks Poults _ Embryos 
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The postmortem findings of the chicks and poults inocu- 
lated with the NTF isolate are summarized in table 1. The 
chicks that had been inoculated with the NTF isolate had a 
green diarrhea which began on the 8th day postinoculation. 
At this same time, the birds were noted to be very inactive 
and droopy. On the ninth day following inoculation, one of 
these chicks was bled and necropsied. This bird had a severely 
swollen liver and spleen as compared with that of a control 
Both hocks of this bird from the NTF group were slightly 
swollen. These areas contained an excessive amount of typical 
mucoid exudate and a few flecks of yellow caseous material. 
The other four birds in this group were all bled and necropsied 
on the 21st day postinoculation. At this time, all four were 
noted to have severely swollen foot pads and keel bursitis. 
Internally, these birds had normal appearing spleens but the 
livers looked slightly swollen. The hock joints and foot pads 
of each birds were filled with typical mucoid exudate and a 
little yellow caseous exudate. There were no grossly visible 
lesions in the respiratory tracts of any of these birds. 

Histological sections of the liver of the first NTF bird 
that was killed showed a very marked focal accumulation of 
reticular cells in the perivascular and sinusoidal areas (figures 
4 and 5). The other birds from this same group also had a few 
of these areas, but not as many as the first bird. This lesion 
in the liver is considered to be a distinctive characteristic 
of infection with IS agent. 

Cultures were taken from the bird killed on the 9th day 
and from two of the four birds killed on the 21st day following 
inoculation. Similar samples were obtained from the same 
number of birds in the control group at the same time. The 
synovial fluid from each of these birds was inoculated directly 
onto a blood agar plate which was incubated aerobically for 
72 hours. A swab of the synovial] fluid was also inoculated into 
1565B media (0.1 percent DPN + 0.05 percent cysteine). 
After 72 hours of aerobic incubation, transfers were made to 
1396P. There was no evidence of any growth on any of the 
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Fig. 4 (top). Section of liver of infected chick with accumula- 
tions of reticular cells in perivascular and sinusoidal areas. Hema- 
toxylin and eosin stain (160). 

Fig. 5. (bottom). Section of liver of infected chick showing 
reticular network. Gridley’s reticulum stain (400) 


blood agar plates following incubation. However, isolations 
of a PPLO were obtained from all three birds on the 1396P 
media and none was obtained from the control birds. . 

The poults inoculated with the NTF isolate developed a 
green diarrhea which began on the 8th day postinoculation. 
One of these poults that died on that day was found to have 
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an enlarged liver, a normal sized spleen, and an airsacculitis 
in one of the anterior thoracic airsacs. There was no evidence 
of excess exudate in any of the joints of this bird. On the 15th 
day postinoculation, another poult was autopsied. The liver 
of this bird was green in color but not too enlarged. The 
spleen appeared smaller than normal. There was some excess 
exudate present in both hock joints and the wing joint of the 
humerus, radius, and ulna of one wing. The remaining three 
poults were bled and necropsied at the end of the 3-week 
holding period. There were no liver or spleen lesions in any 
of these birds. However, each one had an excess of typical, 
mucoid exudate in the hock and the stifle joints. Two of these 
poults also had a slight airsacculitis with no other gross lesions 
of the respiratory tract noticed. Three of the five poults in this 
group had the airsacculitis lesions. In addition, each had 
some of the lesions of infectious synovitis. 

The histological sections of the liver of the first poult 
that was killed contained the typical focal accumulations of 
reticular cells in the liver. The liver sections of the two birds 
killed at the end of the trial still had the perivascular and 
sinusoidal reaction to a slight degree, but also had many 
heterophils throughout the section. Possibly this heterophilic 
accumulation was due to the airsacculitis that was present in 
these two birds. 

Cultures were taken from the bird killed on the 15th day 
and from two of the birds killed at the end of the trial. 
Similar samples were obtained from the same number of birds 
in the control group. The same cultural procedure with syno- 
vial fluid was followed here that had been used for the chicks 
in this trial. The results of these cultures were the same as 
for the chicks. No isolations were obtained from the blood agar 
cultures. However, isolations of PPLO were obtained from all 
of the poults cultured. 

The chicks and poults that had been inoculated with the 
1853, Texas, or 298 isolates as well as the controls did not 
demonstrate any symptoms or lesions throughout the three 
week postinoculation holding period. However, following one 
egg passage, these isolates produced swollen hock joints which 
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contained excess synovial fluid in chicks following intra- 
venous inoculation and reisolations of PPLO were made from 
these affected birds. None of the poults or chicks in any of 
these groups had sera positive to the S, type PPLO plate agglu- 
tination test either before or after the experiment. 

Chicken embryos was inoculated with 0.3 ml of a dilution 
(either 10°, 10°, or 10°) of the same broth culture via the 
yolk sac route that was injected into the chicks and poults 
(figure 5). After inoculation, the eggs were incubated in the 
usual manner and candled every 24 hours. All deaths that 
occurred within the first 48 hours postinoculation were attri- 
buted to inoculation injury and were not included in the re- 
sults of the trial (table 1). 


TABLE I 


Mortality of chick embryos inoculated with IS strains 








Tsolate Inoculum dilution Mortality 
Uninoculated controls 0/6* 
Broth controls 0/6 
104 0/6 
1853 10-3 1/4 
10-5 3/5 
10-4 2/5 
Texas 10-8 4/5 
10-5 5/6 
10-1 0/5 
298 10-3 1/6 
10-5 3/6 
1071 2/6 
NTF 10-8 5/5 
10-5 4/5 





* Number deaths/Number in group. 


All of the embryo deaths occurred between the 4th and 
the 10th day postinoculation. The incubation period was 
terminated at this time to facilitate the culturing of the em- 
bryos. The yolk and allantoic fluid from two eggs of the 10° 
dilution for each isolate were cultured in 1565B media as 
was described earlier. Isolations of the PPLO were obtained 
from all groups but the controls. There were some deaths of 
the embryos inoculated with each isolate. However, the Texas 
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and NTF isolates appeared to be the most pathogenic for 
embryos at this time. The exact reason for the higher 
mortality of the embryos that received the more dilute inocu- 
lums is not known. Possibly the thallium acetate in the media 
affected the embryo at the 10° dilution enough to alter its 
ability to support the growth of this agent. 

3. The next pathogenicity trial was essentially a continu- 
ation of the second trial. The outline below gives the plan of 
both of these trials and indicates their relationship to each 
other. The synovial fluid obtained from the NTF and control 
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groups of chicks in trial 2 was passed serially five times in 
1565B media. Subcultures of the second and fifth passages 
were made to 1396P plates to determine the amount of growth 
present. Colonies too numerous to count were obtained from 
both broth passages of the NTF isolate. No growth was ob- 
tained from the control broths. The fifth broth passage of 
these synovial fluid cultures was inoculated into another 
group of 5-week-old chicks. The broth cultures were diluted 
with an equal volume of sterile nutrient broth and each chick 
received one ml of the appropriate diluted culture intra- 
venously. 

On the 5th day postinoculation, the birds inoculated with 
the NTF culture were noted to have pale combs and a greenish 
discoloration of their droppings. On the 9th day postinocula- 
tion, two of the birds in each group were necropsied. One of the 
birds in the NTF group had a slightly swollen, dark liver and 
a severely swollen spleen. There was also typical mucoid ex- 
udate present in the foot pads and the hocks of this bird. 
The other bird had a slightly swollen, dark liver but the spleen 
appeared normal. There was a little gray mucoid exudate 
present in the hock but none was observed in the foot pads. 
There were no lesions observed in the control birds necropsied 
at this time. The remainder of the birds in both groups were 
necropsied at the end of the 3 weeks holding period. All of the 
four birds in the NTF group were quite emaciated at this time 
and had severely swollen foot pads and hocks. These swollen 
areas were filled with typical mucoid exudate containing some 
yellow caseous masses. 

There were no-liver or spleen lesions noted in any of these 
birds. No signs of lesions were noted in the birds of the con- 
trol group. 

Histological sections of the two birds killed from each 
group on the 9th day postinoculation were examined. The 
livers of the NTF birds had the characteristic focal accumu- 
lation of reticuloyctes whereas the livers of the controls ap- 
peared normal. ; 

Synovial fluid was harvested with a sterile cotton swab 
and inoculated into a tube of 1308B. Both birds from the NTF 
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and the control groups that were killed on the 9th day post- 
inoculation were cultured in this manner. The second broth 
passages of these cultures were transferred to 1396P plates. 
Growth of over 100 colonies was obtained from each of the 
NTF birds cultured. No growth was obtained from the control 
cultures. 

The NTF isolate of PPLO, in its effect on chickens and 
turkeys, paralleled the signs, gross and microscopic lesions 
attributed to previously described IS agents. 


TABLE II 


Effects of intravenous inoculation of a broth culture of the NTF strain 
of PPLO. Each 4-week-old chick or poult received 1 ml of a one to five 
dilution of a 72 hour broth culture 





Enlarged Mucoid 

hock exudate Airsac- 
Bird Davy post- & foot Swollen Swollen present culitis 
no. Inoculum inoculation pad iver spleen in joints present 
Chicks 
1 NTF 9 +* +** + + 0 
2 NTF 21 + + 0 + 0 
3 NTF 21 + + 0 + 0 
4 NTF 21 + + 0 + 0 
5 NTF 21 + + 0 + 0 
Poults 
1 NTF 8 0 + 0 0 + 
2 NTF 15 + 0 0 + 0 
3 NTF 21 + 0 0 + 0 
4 NTF 21 + 0 0 + + 
5 NTF 21 + 0 0 + + 
Chicks 
1 Control 9 0 0 0 0 0 
2 broth 21 0 0 0 0 0 
3 broth 21 0 0 0 0 0 
4 broth 21 0 0 0 0 0 
5 broth 21 0 0 0 0 0 
Poults 
1 Control 15 0 0 0 0 + 
2 broth 21 0 0 0 0 + 
3 broth 21 0 0 0 0 + 
4 broth 21 0 0 0 0 0 
5 broth 21 0 0 0 0 0 





* Tsolations of PPLO obtained from these birds. 

** Histological sections were taken from these birds and typical] lesions of 
IS were noted. 

+ = lesion was present. 

0 = lesion absent. 
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S, type PPLO isolations from field cases of synovitis. 
Accessions 59478 (isolate CSO), 59592 isolate CSO,), and 
59674 (isolate CSO,). Three cases involving swollen joints 
with typical exudate in the hock, and foot pad were investi- 
gated. Two of these cases had no gross lesions of the respira- 
tory tract and no history of respiratory signs. One of these 
cases without any respiratory signs had an enlarged liver and 
spleen in the bird cultured. Typical S, PPLO colonies were 
isolated in media (swine infusion broth) and in one case 
after the first passage in embryos. One of these isolates pro- 
duced joint lesions in chicks following intravenous inoculation. 
The other two isolates did not have any effect on chicks. It 
should be noted that at the time these cases were investigated, 
the DPN media had not been developed. It is possible, there- 
fore that the true ISD type of PPLO might also have been 
present. 

DISCUSSION 

Only a very limited study was made of some of the pos- 
sible variations in the DPN media which appeared to be satis- 
factory. The 1308B media which contained the basal broth 
+ 0.1 percent DPN + 0.1 percent cysteine was probably the 
best liquid media. Similarly, the 1396P media which contained 
the basal agar + 0.1 percent DPN appeared to be the most 
satisfactory solid media. However, these judgments were de- 
rived from observations made from separate trials. Further- 
more, a few unexplained failures have occurred with these 
media which indicate that a more thorough study is needed to 
clarify the exact requirements of these organisms. 

Additional work is also needed to improve the actual cul- 
tivation technique. Such manipulations as pipetting the DPN 
into each tube of broth just prior to its inoculation and the 
heat inactivation of the swine serum might not be necessary. 
These possibilities were not investigated in this study. How- 
ever, the main objective of any study on the cultivation tech- 
niques should be to obtain the maximum amount of growth 
no matter how difficult the required techniques. 

The great superiority of the allantoic fluid over the yolk 
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of the same egg as an inoculum for the isolation of these ISD 
PPLO in the DPN media was quite surprising. Evidently some 
of the constituents of the yolk either destroyed or at least made 
some of the necessary components of this media unavailable 
for the PPLO. Here again, the cultivation technique becomes 
more complicated, especially when one is attempting to isolate 
this agent from chicks or embryos at hatching time. Additional 
work of this type is needed to compare also such inoculums 
from affected birds as liver-spleen suspension, blood, sera, etc. 
which have previously been reported by Benton and Cover? 
to contain this agent. 

The fact that these new PPLO which were isolated were 
serologically distinct from the S, type PPLO was not surpris- 
ing. Snoeyenbos and Olesiuk’® and Sevoian et al.’* have re- 
ported that the agent of infectious synovitis did not induce 
the production of antibodies to the S, type PPLO as judged 
by the plate agglutination test in birds affected with this dis- 
ease. This serological characteristic can be used to differentiate 
them from the §S, type PPLO. Since no effort was made in this 
study to determine how readily an S, type PPLO will adapt 
and grow in the media containing DPN and since both types 
of PPLO have been isolated from cases of synovitis, the sero- 
logical typing of the organisms becomes the major criterion 
for determining which of these types of PPLO have been 
isolated. As indicated before, a study of many cases of syno- 
vitis is needed to determine the relative incidence of these 
two types of PPLO. 

The pathogenicity of these new PPLO resembled very 
closely that described for the agent of infectious synovitis. 
The IS agent has been known by all who have worked with 
it to lose its pathogenicity for birds easily whenever it is not 
maintained by continual or at least periodical bird passages. It 
was not surprising, therefore, that in our second pathogenicity 
trial, the NTF isolate was the only isolate still pathogenic for 
birds. The other isolates had all been through several egg 
passages prior to this trial whereas the NTF inoculum repre- 
sented the first egg passage of the original synovial fluid. 
The additonal seven passages in artificial media probably were 
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enough to cause all the isolates but the NTF to lose their 
pathogenicity for birds. It is interesting to note, therefore, 
that these new PPLO also appear to differ from the S, type 
PPLO in pathogenicity. 
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SUMMARY 

1. This study was conducted to isolate and identify the 
etiological agent of infectious synovitis (IS). Lecce’s’® iso- 
lation of a PPLO was confirmed when a PPLO was isolated 
by his method not only from his isolate of IS, but also from 
three other IS isolates procured from other laboratories. 

2. After many attempts, a satisfactory culture medium 
was developed which eliminated the Staphylococcus aureus 
streak on plates as required by Lecce’s technique. The solid 
media was PPLO agar (Difco) which contained 0.1 percent 
diphosphopyridine nucleotide (DPN), 10 percent heat inac- 
tivated swine serum, 1 to 2,000 concentration of thallium ace- 
tate, and 1,000 units of penicillin per ml. This medium was 
incubated in the candle jar. The broth media was PPLO broth 
without crystal violet (Difco) which contained 0.1 percent 
DPN, 0.1 percent L cysteine (free base), 10 percent heat 
inactivated swine serum, 1 to 1,000 concentration of thallium 
acetate per ml. and 1,000 units of penicillin per ml. The broth 
media was incubated aerobically. 

3. With these media, colonies similar to those obtained 
by Lecce’s technique were isolated from infectious allantoic 
fluid or synovial fluid of seven different isolates of the IS 
agent. Two of these isolates were obtained from field cases 
of IS at this laboratory. The colonies obtained on this media 
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were typical PPLO colonies, similar to an S, type PPLO in 
morphology. The organisms grown from each of these seven 
isolates of the IS agent fermented glucose and maltose, but not 
sucrose, lactose, or mannite. All seven isolates were found to 
be serologically distinct from S, type PPLO by the plate in- 
hibition test of Edward and Fitzgerald.® 

4. Infectious allantoic fluid and yolk from the same egg 
were compared as inoculums for broth media containing DPN 
in two different trials. Each trial contained inoculums which 
represented at least five of the different isolates as well as 
control groups. In both trials the allantoic fluid was far su- 
perior to the yolk as an inoculum for the growth of these 
organisms in this media. 

5. Cultures derived from three isolates were found to 
be pathogenic for chicks in one trial. An isolate recently ob- 
tained from a turkey was still pathogenic for chicks and 
turkeys after seven passages on artificial media. The culture 
reisolated from these experimental chicks and serially passed 
five times in artificial media, was still pathogenic for chicks 
following intravenous inoculation. The disease in chicks and 
turkeys produced by inoculation with these new PPLO paral- 
leled the signs, gross and microscopic lesions attributed to IS 
agents previously described. 

6. Three isolates of S, type PPLO were obtained from 
synovial fluid of field cases which appeared to be cases of IS. 
One of these isolates was found to be pathogenic and pro- 
duced swollen foot pads, shanks, and hocks in chicks follow- 
ing intravenous inoculation. Since these cases were cultured 
before the media containing DPN was developed, both the S, 
and the new type of PPLO described in this paper may have 
been present. 
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Methods for the Examination of Poultry Biologics, By National Academy 
of Sciences National Research Council, Washington, D. C. Publication 
tion 705, 1959. 127 pp. Price $3.00. 

This publication is a manual of standard procedures and 
methods used for investigating poultry diseases and testing 
vaccines for poultry. It should prove valuable as a guide for 
those who are beginners and inexperienced in the avian dis- 
ease field and as a reference for those engaged in poultry 
disease research and diagnosis and vaccine production. 

Although the material presented is primarily for those 
engaged in evaluating poultry vaccines, the information has 
much broader usefulness in research and diagnosis. The 
reader is introduced to the manual by way of a brief explan- 
ation of housing, facilities, and husbandry practices for the 
care of laboratory animals. Biologic definitions are spelled 
out for better communication among workers. Considerable 
detail is included on laboratory methods some of which have 
widespread application whereas others apply to the manipula- 
tion of specific poultry pathogens. Also presented are standard 
quantitative methods which are used to determine the identity, 
purity and potency of bacterial or viral cultures and vaccines. 
The explanation on the use of the chicken embryo for virus 
isolation, modification and propagation and for serum and 
virus neutralization tests are good. However, the application 
of tissue culture techniques for similar uses was not included. 

It was especially noteworthy that the authors emphasized 
the importance of experimental design. Some aspects and 
errors of biological and statistical samnvlings are presented. 
This is an area which needs considerable elaboration and 
application. 

Because of the nature of the subject matter covered by 
this manual, it is important that it be revised periodically if it 
is to remain valuable. By increasing the scope, it is conceivable 
that it may become the most valuable laboratory manual in 
the poultry disease field. 

MARTIN SEVOIAN 


Department of Veterinary Science 
Amherst, Massachusetts 
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The Avian Embryo: Structural and Functional Development. By Alexis 
L. Romanoff. New York: The Macmillan Co., 1960. 1305 pp; 426 
illustrations. Price $35.00 


Professor Romanoff was born and educated in St. Peters- 
burg, Russia, and studied at Tomsk University, Vladivostok 
Polytechnic Institute, and St. Petersburg Military Engineer- 
ing Academy. In 1921 he came to the United States, became 
a citizen in 1927 and received his Ph.D. degree from Cornell 
University. In 1949 he published a monumental work entitled 
“The Avian Egg”. 

The field of embryology has been of interest for cen- 
turies, and numerous investigations by a host of workers in 
many countries, have left us a rich heritage. The progress 
made in our understanding of the avian embryo has advanced 
on many fronts as the techniques and tools of the morphologist 
and physiologist evolved. We are now on the threshold of new 
advances in our knowledge of the biological, chemical and 
physical aspects of development and the avian embryo will 
play an ever increasing role in research. A reminder of 
the importance of specific developmental documentation and 
its application, was published in 1952 by the New York 
Academy of Science in a monograph entitled “The Chick Em- 
bryo in Biological Research’. 

Any attempt to summarize and synthesize the scattered 
world literature concerning the embryogeny of birds, and 
incorporate it in one volume is a prodigious task. An adequate 
historical introduction would have to include the embryological 
data of Hippocratic writings, through Aristotle and Galen, 
to the revival.of interest in the 14th, 15th and 16th centuries 
(Needham, 1934 A History of Embrology). Dr. Romanoff has 
accomplished much in his study of more than 7,000 original 
papers, of which two-thirds were in languages other than 
English. Included in the text in addition to original observa- 
tions are over 2,700 literature citations with page references 
which provide valuable assistance in one’s search for source 
materials. An omitted reference source which should be men- 
tioned is “A Bibliography of Birds’? by Reuben Strong, pub- 
lished by the Chicago Museum of Natural History as Vol. 25 
parts 1, 2, 3, and 4 (1939-1959). Obviously one cannot include 
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in one volume or even peruse in one’s lifetime, all of the pub- 
lished anatomico-physiological facts of avian development. 
However the author and his assistants have made a masterful 
attempt to review and assess our recorded knowledge of the 
form and function of the developing bird. Over 100 species of 
birds are referred to in the text and cited in the index. The 
text is supplemented by many useful illustrations redrawn 
from the original papers, although in some cases these have 
suffered from excessive reduction. 

The completeness of the subject matter coverage is most 
gratifying and although omissions can be cited, one working 
in the field takes such shortcomings for granted. The arrange- 
ment of the Table of Contents and Index, facilitates rapid 
reference and provides a handy assessment of the depth of 
coverage. It is unfortunate that the price is so high since it 
is such a desirable reference text to own. 

HOWARD E. EVANS 


New York State Veterinary College 
Ithaca, New York 


ABSTRACTS OF PART OF THE PAPERS PRESENTED AT THE 
32nd NORTHEASTERN CONFERENCE ON AVIAN DISEASES, 
JUNE 27-29, 1960, UNIVERSITY OF MAINE, ORONO, MAINE 


The papers presented here in abstract represent part of those given 
at the meeting. The remainder of the papers are presented in their 
entirety elsewhere in this issue. 


ACTION BY POULTRY INSPECTION TO HELP REDUCE 
CONDEMNATION LOSSES 
Daniel DeCamp 
Inspection Branch, Poultry Division 
Agricultural Marketing Service 
United States Department of Agriculture 
Washington 25, D. C 


During 1959 nearly 5 billion pounds of poultry was certified as 
wholesome while about 90 million pounds of poultry was condemne as 
unwholesome. The Poultry Inspection Service of the U. S. Department 
of Agriculture has long recognized the seriousness of the economic 
impact on the industry resulting from condemnations at official estab- 
lishments. To enable industry to understand condemnation losses in 
their proper perspective, the Department is drawing attention to the 
fact that 10 to 20 percent of condemnations often are caused by faulty 
processing. The processor can do the most good when the condemnations 
are due to contamination, misbleeds (cadavers) and bruises. The latter 
item, bruises, results in serious loss from trim-out and down-grading 
of finished products, in addition to the total carcass condemnation for this 
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condition. Live poultry handling in all stages may contribute to this loss. 

Condemnations due to disease processes are for the most part made 
on the basis of determining the nature, extent, and duration of the 
disease, or combination of disease processes, rather than upon specific 
diagnoses. Exceptions to this are cases of tuberculosis and leucosis in 
its several forms. Those two conditions are manifested by readily identi- 
fiable gross lesions and can be reliably diagnosed at post-mortem in- 
spection. The other condemnations due to disease are grouped under 
general terms such as septicaemia-toxemia, inflammatory process, tumors 
and the like. Systemic disturbances under these headings are deter- 
mined by observing loss of tissue tone, color sheen and texture. These 
are reliable evidences of metabolic imbalance and are taken into con- 
sideration with any specific pathological lesions present. 

Our official report forms show the disease-caused losses in the follow- 
ing order by volume: In fryers and broilers, septicaemia-toxemia, first; 
inflammatory processes, second; leucosis, third; and tumors, fourth. 
Bruises outrank tumors as cause for losses; the numbers lost due to 
contamination, overscalds, and misbleeds are greater than the combined 
losses due to leucosis and tumors. While losses under the heading of 
septicaemia-toxemia rank first in volume on our reports, condemnations 
due to respiratory disorders (principally C.R.D. and Newcastle disease) 
are responsible for more condemnations than any other single disease 
syndrome in classes of young chickens. In fowl (adult chickens) septi- 
caemia-toxemia ranks first; inflammatory processes, second; tuberculosis, 
third; leucosis, fourth; and multiple tumors, fifth. Here again process- 
ing-caused losses are nearly as serious as those for broilers. 

The American Association of Avian Pathologists has, through the 
efforts of its president, set up a committee to promote cooperation be- 
tween inspection personnel and diagnostic laboratories. We believe this 
concerted effort by so many mutually interested groups should, if carried 
out as team work, result in much benefit to the industry and the con- 
umer. The Poultry Inspection Branch of the Agricultural Marketing 
Service stands ready to do everything humanly possible to be helpful in 
these efforts within the limits of the authority provided in the Act and 
the Regulations. 


NEWCASTLE DISEASE: PRELIMINARY FIELD TESTS 
OF BETA-PROPIOLACTONE-KILLED VACCINE 


Eugene Gill and H. D. Stone 

National Animal Disease Laboratory, Animal Disease and 
Parasite Research Division, Agricultural Research Service, 
U.S. Department of Agriculture, Beltsville, Maryland 


Research workers in the United States believe that continued use 
of live-virus vaccines against Newcastle disease precludes eradication 
of the disease. In many cases, these agents precipitate outbreaks of 
other respiratory infections such as infectious bronchitis and chronic 
respiratory disease (air-sac infection). 

In our investigations on Newcastle disease, we have developed a safe, 
killed-virus vaccine that is similar in potency to the live-virus vaccines. 
From our experience and field study conducted in four United States 
areas (Northeast, North-central, Southwest, and the Delaware-Maryland- 
Eastern Shore) and in Nigeria, Africa, we believe that a beta-pro- 
piolactone-killed vaccine gives adequate protection in both brioler and 
layer flocks. The immunity induced by this vaccine has been particularly 
favorable in field tests. Many former proponents of live-virus vaccines 
may now re-evaluate the efficiency of killed-virus vaccine. 
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We believe that the general use of a good killed-virus vaccine will 
offset production and administration costs, since such use will improve 
the quality and quantity of birds for domestic and international markets. 
Unfortunately, a beta-propiolactone-killed vaccine is not yet available 
commercially. We hope it will be available soon for poultry producers. 


EFFECT OF FURAZOLIDONE MEDICATIONS UPON THE 
INFECTIVITY OF S. PULLORUM IN EXPERIMENTALLY 
INOCULATED CHICKENS 


C. F. Smyser, Jr. and H. Van Roekel 
Department of Veterinary Science 
University of Massachusetts 
Amherst, Massachusetts 


One trial was conducted using 6-month-old White Rocks and two 
trials with Rhode Island Red hens, 14 and 19 months of age. Birds were 
inoculated either intratracheally or intramuscularly with a broth culture 
of S. pullorum. Furazolidone was administered by tablets and through 
medicated feed (0.022%) beginning three weeks after initial inoculation. 
Medication continued for three weeks in trials 1 and 2, and for four 
weeks in trial 3. Part of the birds were necropsied at end of medication 
period and the remainder several weeks later. 

In the first trial, nine of the 10 treated birds were serologically 
positive with a group GMT of 279 at the end of medication period, and 
S. pullorum was recovered from three birds. All 10 of the nonmedicated 
birds were serologically positive with a GMT of 496 and seven birds 
yielded the organism. 

In the second trial, 11 of the 15 medicated birds had positive agglu- 
tinin titers with a group GMT of 64 and the pullorum organism was 
recovered from eight birds at the end of medication. All 13 of the non- 
medicated birds were serologically positive with a GMT of 188 and 12 
birds yielded S. pullorum. The remaining half of the birds were examined 
3 weeks after removing medicated feed. The results were similar to 
those observed in the first group. 

In the third trial, 146 birds were inoculated. At the end of 
medication, all 25 of the medicated and 24 of the nonmedicated birds 
were serologically positive with GMT’s of 236 and 3875, respectively. 
S. pullorum was recovered from one medicated and six nonmedicated 
birds. Remaining birds were examined 4 and 5 weeks later. Results were 
similar to those observed in the first group of this trial. Thirty un- 
inoculated birds in cohabitation with the inoculated birds in each pen 
from beginning of medication to the termination of the experiment re- 
mained serologically and bacteriologically negative. 


TISSUE CULTURE PROPAGATION AND PATHOLOGY OF A 
CELO VIRUS 


T. W. Chomiak, R. E. Luginbuhl and C. F. Helmboldt 
Department of Animal Diseases ; 
University of Connecticut, Storrs, Connecticut 


An agent causing a cytopathogenic effect, differing from that caused 
by infectious laryngotracheitis (ILT) virus in chicken-embryo-kidney 
cell cultures, was recognized in the 17th serial passage of an ILT virus. 
The agent affected individual cells causing the nucleus to enlarge several 
times normal size and the nuclear contents to appear stippled. Plaques 
were produced in inoculated sheets of kidney cells overlaid with agar. 
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One ml of cell culture fluid contained 10° plaque forming units (PFU) 
and immune serum neutralized up to 10*® PFU. 

On subsequent passages in the chorioallantoic sac, this agent killed 
chicken embryos at 10-1° when 0.2 ml was inoculated per embryo. Im- 
mune serum neutralized up to 10° ELDs. The agent was passed serially 
on chorioallantoic membrane (CAM) and produced lesions similar to 
ILT virus. Histopathologic lesions in the CAM were also similar to 
ILT but no characteristic intranuclear inclusion bodies were observed. 

Birds inoculated into the infraorbital sinus and trachea with cell 
culture material showed only localized histologic lesions in the sinus. 
These birds produced a rise of 105 VNDs in serum antibody level 4 weeks 
post inoculation. 

Serology and comparative histopathology identified the agent as a 
CELO virus. 

Supported in part by funds provided by the Animal Disease and 
Parasite Research Division, A.R.S., U.S.D.A. 


ISOLATION AND SEROLOGIC TYPING OF AVIAN PLEURO- 
PNEUMONIA-LIKE ORGANISMS (PPLO)* M. E. Tourtellotte, 
J. G. Aftosmis, E. Bacon, and R. E. Luginbuhl, Department of Ani- 
mal Diseases, University of Connecticut, Storrs, Connecticut. 


A simple cultural method for the isolation of avian PPLO is de- 
scribed which makes possible the testing of large numbers of birds with 
a minimum of laboratory manipulation. 

Recovery of pathogenic PPLO from artificially inoculated birds 
was 90 to 100 percent after 21 days, dropping to 80 percent at 30 days. 
Results in the field were not as good. The value of this isolation tech- 
nique in vaccination trials and in testing the efficacy of chemothera- 
peutic agents against PPLO will be discussed. 

The selective isolation of pathogenic PPLO in the presence of non- 
pathogens and the rapid typing of fresh isolates by addition of hyper- 
immune rabbit serum to media (Edward, D. G., The pleuropneumonia 
group of organisms: A review, together with some new observations. 
Jour, Gen. Microbiol., 10, 27-64, 1954.) will also be discussed. 

Serologic testing of a number of PPLO isolates showed the existence 
of several serotypes. Results of cross-agglutination and agglutinin- 
adsorption tests revealed a complex antigenic make-up of some non- 
pathogenic strains; e.g., strain A cross reacted with strain B; however, 
adsorption of antiserum B with antigen A did not remove agglutinins 
for antigen B. 

All pathogenic PPLO tested, however, were found to be serologically 
homologous. 

* Supported in part by funds from the U.S.D.A., Agricultural Re- 
search Service. 


THE IN VIVO AND IN VITRO ISOLATION OF AVIAN EN- 
CEPHALOMYELITIS VIRUS (AEV)*. J. Hwang, R. E. Luginbuhl 
and C. F. Helmboldt. Department of Animal Diseases, University 
of Connecticut, Storrs, Connecticut. 


AEV isolations by intracerebral inoculation of chicks and by chick 
kidney cell culture passages were carried out in parallel with pooled 
brain samples from 30 individual field cases diagnosed by histopathology. 
Sixteen cases or 53.3% were positive with an average incubation period 
of 15.5 days by the in vitro method while 14 cases or 46.7% were positive 
with an average incubation period of 22.5 days by the in vivo method. 

The titers of the 16 virus strains isolated by chick kidney cell cul- 
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ture passages were 10-7-6 to 10°°.5 / 0.1 ml in the cell culture system 
and the hyperimmune serum neutralized 10%-1 to 108-8 cell culture in- 
fective doses. 

Addendum—Laboratory studies made since the presentation of the 
above data indicate that the isolations made in tissue culture were not 
AEV but were related to a prototype CELO virus. The AEV used to pre- 
pare the hyperimmune serum apparently contained CELO virus as well 
as AEV. The CELO virus was capable of producing ataxia and histologic 
lesions in chicks which might be confused with those produced by AEV. 

* Supported in part by funds from the American Poultry and 
Hatchery Federation. 


EVALUATION OF CURRENT CONTROL MEASURES 
RECOMMENDED FOR THE INTESTINAL HAIRWORM 
(CAPILLARIA OBSIGNATA) OF POULTRY 


D. D. Payne, R. W. Gerry and R. L. Witter 
University of Maine, Orono, Maine 


Twelve pens of 71-week-old sex-link hens parasitized with capillaria 
and cecal worms were divided into six groups of two pens each. Group 1 
received Hygromycin B* for 30 days continuously in the feed. Group 2 
received additional Vitamin A for 10 days in the feed. Group 38 re- 
ceived 3 days of Milibis** in the feed the 25th through the 27th day of 
the test period. Group 4 received a triple dose of piperazine in the 
water the 20th day followed by 10 days of additional Vitamin A in the 
feed. Group 5 received a triple dose of piperazine in the water the 25th 
day. Group 6 received regular feed and was maintained as untreated 
controls. Weekly egg counts, with a modified Stoll technique, were dis- 
continued because of the erratic results. Worm counts at the termi- 
nation of the 30 day test period were made using Frazier’s technique. 
Group 1 (Hygromycin treated) showed a significant decrease in the 
number of adult capillaria at necropsy over the untreated control group. 
There was no significant decrease in the number of capillaria in the other 
test groups. 

Egg production at the beginning of the experiment was approxi- 
mately 65 percent. At the end of the 30 day test period Group 1, Hygro- 
mycin treated birds, had less than 5 percent production. Group 4, 
piperazine plus Vitamin A, was under 15 percent production. Production 
in other groups had dropped gradually to 50 percent. 

Hygromycin was the only agent used which significantly reduced the 
number of capillaria. However, it caused a marked drop in production 
as did piperazine plus Vitamin A. 

*Eli Lilly and Company, Indianapolis, Indiana 

**Sterling-Drug Inc., Rensselaer, New York 


NON-SPECIFIC PLATE AGGLUTINATION REACTIONS 
WITH PPLO ANTIGEN 


Clyde I. Boyer, Jr., J. Fabricant, and J. A. Brown 
Department of Pathology and Bacteriology 
New York State Veterinary College, Ithaca, N. Y. 


A large number of positive reactions to the PPLO serum-plate 
agglutination test were observed in a commerical] flock of breeder turkeys 
that had been vaccinated with erysipelas bacterin (Duovax-Cyanamid) 
within the previous eight weeks. Non-vaccinated turkeys from the same 
flock were negative to the PPLO agglutination test. 
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Under experimental conditions a group of turkeys and chickens at 
the laboratory were vaccinated with erysipelas bacterin (Duovax-Cyana- 
mid) subcutaneously. The vaccinated birds as well as comparable un- 
vaccinated controls were bled at weekly intervals. Positive plate agglu- 
tination reactions with PPLO antigen (ASL) appeared by the eighth 
day and almost completely disappeared by the 29th day post-vaccination. 
A few weak reactions persisted until the 36th day in the turkeys. No 
reactions occurred in the controls. 

A similar vaccination trial with cholera bacterin (Glandolac Comp- 
any) in turkeys did not produce PPLO plate reactions. 

The lot of antigen used in these experiments had previously been 
shown to be agglutinated by serums from PPLO (Sus) inoculated chickens 
and turkeys. 


REPORT ON THE PULLORUM DISEASE TESTING RESULTS 
FOR THE 32nd NORTHEASTERN CONFERENCE 
ON AVIAN DISEASES 


A summary of pullorum testing data was collected and compiled for 
1959-60 by a special committee of the Conference (W. R. Teeter, Chair- 
man, F. W. Rea, and H. Van Roekel). Fourteen states and two Canadian 
provinces cooperated in furnishing the testing data. The testing results 
concerning chickens and turkeys are listed in the table below. 

In addition to the chickens and turkeys tested, the following fowl 
other than chickens were tested: 162 bantams, 3,502 ducks, 605 game 
birds, 71 geese, 16 grouse, 1,207 guineas, 1,013 partridges, 23 peacocks, 
387 pea fowl, 25,916 pheasants, 74 pigeons, 1,564 quail, 44 wild turkeys, 
and 4 wood ducks. In only one instance was pullorum disease detected 
in fowl (pheasant) other than chickens. 

Special credit should be extended to Dr. Teeter for summarizing the 
data submitted. The following is a condensed summary of the testing 
data by states and provinces. 

Submitted by: 
H. Van Roekel, Permanent Secretary 
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Summary of Pullorum Disease Testing Data Reported by 
Northeastern Conference on Avian Diseases 
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2,283 
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942 
68 
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628,508 
26,951 


537,714 
1,102 


1,734,746 
567 


258 ,474 
6,857 


690,537 
15,944 


2,731,362 
76,203 


640,042 
13,664 


528,635 
6,741 


570,663 
23,520 


78,790 
952 


1,513,787 
109 ,862 


1,568,403 
32,109 


34,769 
581 


207 ,813 
4,437 


1,131,408 
158,178 


114,762 
12,318 


Number of flocks tested, 
Number of birds tested, 
Percent positive (based on number of birds tested). 
Number of flocks 100% tested and with no reactors, 
Number of breaks in flocks 100% tested and with no reactors che 


previous season. 





1959-60 

3 we ° 
0.096 115 0 117 
0.007 24 1 24 
0.009 273 272 
0.00 6 0 © 
0.00 25 0 ee 
0.00 1 oO 1 
0.019 431 3 451 
0.00 6 0 14 
0.001 158 0 94 
0.00 1g 0 12 
0.003 1,841 9 1,849 
0.03 45 0 4? 
0,00 157 0 157 
0.00 lO Ll 
0.003 1s9 5 162 
0.00 12 0 12 
0.00 134 «0 129 
0.00 2% 60 24 
0.00 28 0 28 
0.00 7 0 7 
0.05 2,255 0 2,223 
.00 138 =O 138 
-02 927 14 926 
0.06 66 0 66 
0.00 26 «0 26 
0.00 2 0 2 
0,00 107 0 107 
0.00 6 0 6 
0.029 961 20 1,068 
0.001 253 0 255 
0,00 398 0 398 
0.00 2% 60 24 


Number of pullorum-clean flocks. 
Number of pullorum-clean birds. 
These figures under each state represent chickens, 
These figures under each state represent turkeys. 
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26,951 


532,482 
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1,731,513 
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257,169 
6857 


503 , 236 
10,780 


2,701,262 
73,303 


615,210 
13,664 


501,001 
6,741 


522,631 
23,520 


78,790 
952 


1,479,179 
109 ,862 


1,526,840 
31,347 


27,538 
581 


207 ,813 
4,437 


1,121,929 
158,178 


114,762 
12,318 
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REPORT OF THE COMMITTEE ON NOMENCLATURE AND 
REPORTING OF DISEASES NORTHEASTERN CONFERENCE 
ON AVIAN DISEASES JUNE 1960 


The purpose of this report is to present information on the incidence 
of disease in the area encompassed by this Conference. Furthermore it 
is hoped that a nomenclature and system of reporting of diseases can 
be developed which may serve to standardize the reports from the 
various laboratories. 

The statistics are based on the calendar year 1959 with the excep- 
tion of those for Canada and Delaware which are based on a fiscal year. 
Each unit statistic represents a single case or consignment to the labo- 
ratory and therefore approximates an outbreak of disease on a premises. 
The figures are reported by states rather than by member laboratory. 
Statistics shown for Canada were compiled from those submitted by the 
Ontario Veterinary College, Guelph and the Regional Laboratories at 
Ridgetown and Kemptville. 

The incidence of disease is reported for age groups for chickens 
which coincide roughly with the brooding, growing and adult life of the 
birds. A separate category indicates incidence of disease in species 
other than chickens. Whenever possible the identity of the species is 
indicated: T-turkey; Ph-pheasant; D-duck; Pkt-parakeet; Pgn-pigeon; 
Qu-quail; Gu-guinea; WD-wild duck; Sw-swan; Ter-tern; Dov-dove; 
eas More than one species were combined and designated by 
etter O. 

All infectious and contagious, parasitic and nutritional diseases plus 
such miscellaneous and unclassified conditions and diseases as may be of 
significance or interest are reported. However limitations of space and 
variations in systems of reporting by the various laboratories make it 
necessary to be somewhat arbitrary in preparing the report and some 
discrepancies and omissions are unavoidable. 

Specific nomenclature is used wherever possible to indicate specific 
disease entities. However for expediency some classifications are used 
in a generic sense and singleness or identity of etiology is not indicated. 
Ascaridiasis, coccidiosis and pox are examples. Nutritional diseases are 
classified according to clinical syndrome. Thus under the term rickets 
are included cases of improper calcification of bones whether due to 
avitaminosis D, a deficiency or imbalance of minerals as calcium or 
phosphorus, or an excess of sulfur in the diet. The statistics are pre- 
sumed to be essentially accurate even though not all diagnoses are based 
upon the isolation or identification of the etiological agent. 

Certain unavoidable discrepancies are indicated by letter which also 
appears by the statistic to which it applies. 

a - figure includes all chickens regardless of age 
b - figure includes all avian species 

c - figure includes all worms 

d - figure includes all forms of Leukosis 


H. L. Chute, University of Maine, Orono, Maine 
M. S. Cover, University of Delaware, 
Newark, Delaware 
G. H. Snoeyenbos, University of Massachusetts, 
Amherst, Mass. 
. I. Angstrom, Chairman 
Branch_ Laboratory 
N.Y.S. Veterinary College, Kingston, N. Y. 
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= premises are found 

our own breeding © 
. flocks from which we ~ 
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- First and Foremost in Protecting 


Poultry Health! 


INCE 1914, Vineland Poultry Laboratories has been un- 
compromising in its policy of producing only the highest 
quality vaccines and other biologics for the American poultry 
farmer. Our products have had as one of their principal goals 
the earning of the approbation and respect of veterinarians, 
poultry pathologists and others dedicated to the best inter- 
ests of agricekarel production. 
Our mission has been and is being accomplished. But, 
even as we continue with our laboratory research and field 
testing, we are ever mindful that 
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tists. We pledge to continue striv- | Answer’ booklet that covers 
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Maximum protection 
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CHICKEN 
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without impairing 





immunity or growth' 
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brand of nitrofurazone 





water mix veterinary 


In a study utilizing 640 Columbia Cross Chicks, Shumard? reports: 
“., FURACIN was effective in preventing mortality due to initial infec- 
tions with E. necatrix if administered previous to and during the libera- 
tion of first generation merozoites.” 

“The drug did not interfere with the development of immunity to the 
coccidian nor did it produce any loss of feed conversion efficiency in the 
uninfected birds.” 

Reporting on the effectiveness of FURACIN in drinking water against 
Eimeria tenella infections in New Hampshires and White Plymouth 
Rocks, Johnson! concludes: “0.008% FURACIN is recommended since it 
affords maximum protection without interfering with the establishment 
of immunity or rate of growth.” 

FURACIN WATER mix Veterinary also is securing outstanding results 
in controlling porcine necrotic enteritis. 


SUPPLIED: Carton of 330 Gm. with measuring scoop; drum of 25 lbs. 


and for chronic respiratory disease (C.R.D.) of poultry... 
FUROXONE* AERODUST veterinary 


SUPPLieD: Carton of 100 Gm. 


1. Johnson, C.: Paper presented at the 45th Annual Meeting of the Poultry Science 
Association, North Carolina State College, Raleigh, North Carolina, Aug. 7-10, 1956. 
2. Shumard, R. F.: Paper presented at the First National Symposium on Nitrofurans 
in Agriculture, Michigan State University, East Lansing, Michigan, Sept. 28-29, 1956. 


Available through your professional veterinary distributor. 


NITROFURANS—a new class of antimicrobials—neither antibiotics nor sulfonamides 


EATON LABORATORIES ® 
Division of The Norwich Pharmacal Company ® 


NORWICH, NEW YORK 





Successful immunization 
is dependent upon 
| quality vaccines. It pays 
to use ASL — the products 
of intensive research, 
skillful production methods 
and careful control 
testing. You cannot buy 
| better vaccines. 
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COCCIDIOSTATS 
S. Q.° (Sulfaquinoxaline) 
NiCarp* (Nicarbazin) 


Guy Camuipr’® (Glycarbylamide) 


CHOOSE THE MERCK COCCIDIOSTAT 
THAT BEST SUITS YOUR NEEDS: 


Ss. Q. —the most effective drug for the prevention or control of 
coccidiosis in turkeys. Also for controlling outbreaks in 
unprotected flocks —where feed intake has been lowered 
due to disease or stress conditions—or where breakthroughs 


occur from uncommon species of coccidia, 


NICARB —for maximum protection...tried, tested and proved 
in over 4 billion birds. Now widely used with broilers 
and with replacement pullets, where there is no prob- 
lem of accidental feeding to birds in production. 


GLY CA MIDE — best tolerated and highly efficient in permit- 
ting top weight gains and feed efficiency in 
broilers and replacements. 


MERCK CHEMICAL DIVISION, MERCK & CO., INC., RAHWAY, N. J. 


Owenck 6 cc NC 
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(ERYTHROMYCIN ETHYL SUCCINATE, ABBOTT) 


New effectiveness—destroys PPLO 
GALLIMYCIN Injectable--Improved, Abbott's 
new erythromycin compound for treating 
poultry diseases, has been proven effective 
against pleuropneumonia-like organisms 
(PPLO), most gram positive organisms, some 
large viruses and certain secondary invaders. 

When administered at recommended dos- 
ages, this new Injectable has the ability to 
produce an anti-PPLO titer in the blood 
stream that is significantly higher than the 
minimum level required to destroy PPLO. 
Controlled scientific studies have demon- 
strated it works fast—achieves peak blood 
levels in just one hour! Then it stays in the 
bloodstream—destroying PPLO (the major 
causative organism of C-R-D)—for many 
hours afterwards. 
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New low cost perbird The high effective- 
ness of GALLIMYCIN Injectable makes 
possible low dosages and low cost per bird. 
For example, it costs less than %¢ to inject 
a 1-lb. bird. One injection is usually adequate 
for the treatment of such poultry diseases as 
C-R-D (Air Sac), Coryza, Infectious Sinusitis 
and to aid in the management of Synovitis 
(caused by PPLO or staphylococci) and 
Staphylococcosis. 


New convenience ...ready-to-use The 
new, Improved GALLIMYCIN Injectable is a 
ready-made, clear solution designed to pro- 
duce maximum therapeutic benefits for the 
disease indicated. No measuring, no mixing 
. supplied in 250-cc bottles. For more 
complete information, call or write: 


ABBOTT LABORATORIES 


Chemical Marketing Div., North Chicago, Ill. 


7669 





CHAS. PFIZER & CO.. INC 


Agricvbural Raxaarch and Devsiapeers Cartes 
terre Route, indians 








Science Comes To The Farm Through Rexeorch 


A Review of Research 
in Psittacosis-Ornithosis 


This new AGRAData discusses the study of Psittacosis 
and related conditions. The complex relationship be- 
tween avian carriers and the disease and the spread of 
Psittacosis-Ornithosis to man and other mammals is ex- 
plored. Latest findings in symptomology and pathology 
are explained. This research publication compiles the 
pertinent studies which have been made in this costly 
disease from throughout the world. 

AGRAData also includes abstracts of research reports 
from stations who’ve studied other areas of livestock and 
poultry nutrition and health. It can be a valuable ad- 
dition to your file. 


GRAData, write to: 
Agricultural Research 


For your copy of this A 
Chas. Pfizer & Co., Inc., 
and Development Dept., Terre Havte, Indiana 










POTENTIATION... 
A NEW DISCOVERY 


Most significant development in feeding since 


the introduction of antibiotics . 


. . potentiated feed 


more than doubles the activity of Aureomycin 
against CRD, synovitis, other diseases 


Acceptance of a meth- 
od of potentiating 
AUREOMYCIN® has 
just recently been an- 
nounced. This development prom- 
ises even greater health benefits 
to broilers and replacement 
chicks. 


More effective feeds 
The research of you and your col- 
leagues has consistently shown 
the superiority of AUREOMYCIN in 
controlling disease. Now ... with 
the advent of potentiation...feed 





manufacturers will be able to of- | 


fer still more effective feeds for 
the control of CRD, synovitis and 
blue comb. You will be doing a 
service to poultrymen in your 


area by discussing with them the 
use of such feeds. 

Write for potentiation report 
Cyanamid scientists have com- 
piled a 135-page research report, 
“The Potentiation of AUREOMYCIN 
in Feed.” This report describes 
numerous experiments which 
prove the safety and performance 
of potentiated feeds. A copy will 
gladly be sent you on request. 
American Cyanamid Company, 
Agricultural Division, New York 
20, N. Y. @AUREOMYCIN is 
American Cyanamid Company’s 
trademark for chlortetracycline. 


AUREOMYCIN 


IN FORMULA FEEDS 





CYANAMID SERVES THE MAN WHO MAKES A BUSINESS OF AGRICULTURE 








SERPASIL 








SERPASIL’ Premix improves performance of laying hens 


In turkeys, Serpasil in the diet has successfully controlled aortic rupture in 
numerous field trials.'-* In flocks where an outbreak is in progress, | ppm 
in the feed reduces mortality within 2 days. After 5 days’ feeding at this 
concentration, a lower level (0.2 ppm) should be used and continued until 
marketing. Poults fed at this lower level from 5 weeks of age until marketing 
should remain free of the disease. 


In chickens, Serpasil in the diet reduces stress, and increases egg production 
under stressful environmental conditions.*!° One to 2 ppm of Serpasil in the 
feed improves productive performance and quality as compared with controls 
under stress. The harmful reaction of the birds to crowding, heat, vaccination, 
disease, and other adverse factors is minimized. The birds are calmer and 
waste less feed at the hopper. 


Serpasil has been tested in repeated field trials throughout the country and 
in Canada over a 2-year period. Serpasil Premix is available to veterinarians. 


References: 1. Couch, J.R.: First Conference on the Use of the Tranquilizing and Antihypertensive Agent SERPASIL in 
Animal and Poultry Production, College of Agriculture, Rutgers, The State University, New Brunswick, N. J., May 7, 1959. 
2. Carlson, C. W.: Ibid. 3. Barnett, B. D.: Second Conference on the Use of Reserpine (Serpasil) in Poultry Production, 
The Institute of Agriculture, University of Minnesota, St. Paul, Minn., May 6, 1960. 4. Carison. C. W.: Ibid. 5. Waibel, P.E.: 
Ibid. 6. Morrison, W. D.: Ibid. 7. Weiss, H. S. Sirst Conference, etc. 8. Burger, R. E.: ibid. 9. Parker, E. L.: Second 


Conference, etc. 10. Weiss, H. S.: Ibid. 


SERPASIL® Premix (reserpine premix CIBA) 


” 


a 


ie 
CIBA Pharmaceutical Products Inc., Feed Additive Division, P.O. Box 313, Summit, N. J. 








basic product developments 


from Whitmoyer research on 
PROTOZOAN DISEASES 


@ WHITSYN—the first synergistic coccidiostat to be 
patented, WHITSYN provides maximum therapeutic 
effectiveness without the need for a high drug con- 
centration and its attendant hazard of harmful side 
reactions. WHITSYN achieves its unique chemothera- 
peutic response through a multiple bio-chemical 
blocking which potentiates the coccidiostatic activity 
of the drugs in WHITSYN*. 


@ CARB-O-SEP—the superiority of CARB-O-SEP in ef- 
fectively preventing blackhead in turkeys has been 
well proven in experimental use at the college ex- 
periment station level—in tests by feed manv- 
facturers—and in regular farm use. Maximum weight 
gains and top feed efficiency are other important 
advantages shown by CARB-O-SEP fed birds. 


HISTOCARB—the increasing incidence of blackhead 
in chicken flocks prompted the development of a 
product specifically designed to treat this condition. 
HISTOCARB overcomes outbreaks of blackhead in 
chicken flocks without upsetting present or future 
egg production—or introducing other unfavorable 
side or after-effects. 


*Confirming reports by independent workers on the 
synergism that exists in WHITSYN-type drug combinations 
have been published in several journals. Data will be 
supplied upon request. 


For literature, write Dept. AD-2 


“Our 30th year of serving 
the Animal, Poultry and 
. Mi 
Manufacturing Feed Industries 
Chemists 


MYERSTOWN, PENNA., U.S.A. 


In Canada: WHITMOYER LABORATORIES, LTD. 
Port Credit (Toronto Twp.), Ontario 


In England: WHITMOYER-REED Ltd. 
Riverside Works, Hertford Road 
Barking, Essex 











producers everywh looking f boos’ through flock 
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they've learned feed additive 


that no other single so much to improve 


reared as Dr. Salsbury’s 3-Nitro eer Their ered ee Yaad that 
flocks lay up toa dozen extra per hen per ‘ per 
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wonder poultrymen turning to 3-Nitro. And as they use 3-Nitro, 
i will be broken. 
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i with 3-Nitro. It’s the feed additive of for layers. 


Dr.. SALSBURY’S LABORATORIES 


Chartee City towa 


NATIONWIDE SERVICE TO THE POULTRY INDUSTRY 








